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Introduction 

 

Record life expectancy has risen almost linearly by a quarter of a year for 170 years (Oeppen & 

Vaupel 2002). But still we do not know why the modern life expectancy revolution began. What 

we know is that North-Western Europe - especially France, England & Wales, Sweden, Norway 

and Denmark (see e.g., Bengtsson, Fridlizius, Ohlsson 1984; Brändström & Tedebrand 1989) - 

has been the forerunner of this development. Although these states went through the same 

population changes, they started from different positions. The Western European parts had 

higher density areas, whereas Sweden and Denmark were mainly rural (Perrenoud 1984; Riley 

2001). The latter was also true for some northern German states, which were situated near the 

Baltic Sea, e.g. the Grand Duchies of Mecklenburg-Schwerin and Mecklenburg-Strelitzia, and the 

Prussian province of Pomerania (which today form the German federal state Mecklenburg-

Western Pomerania). But how did these states perform? Does the Scandinavian scheme fit all 

countries situated near the Baltic Sea? Or did these parts of the German Empire perform 

differently? We know that mortality declined during the first demographic transition. But did the 

mortality decline set in later, or have there been phases of stagnation as there were in the whole 

of the German Empire (Imhof 1990; Spree 1992)? This project aims to analyze the development 

of mortality in Mecklenburg-Schwerin in the nineteenth and early twentieth century, the biggest 

part of today’s Mecklenburg-Western Pomerania and to gather new evidence for understanding 

the modern rise in life expectancy. 

The paper is organised as follows. In the first chapter we give an overview of population 

development in Northern Europe, especially Denmark and Sweden and describe the conditions 

of Mecklenburg-Schwerin in the nineteenth century. The data we use, the possible complications 

we expect with it and the data analysis techniques - Generalised Inverse Projection - will be 

examined in the second and third chapter. The heart of our analyses will be addressed in the 

fourth section, where we discuss the development of mortality in Mecklenburg-Schwerin and 

compare it with the Northern European scheme. Finally, we discuss our results and review 

secular trends of the mortality development in the states under observation. 
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1.1 Historical development of mortality in Northern Europe 

 

Since the end of the eighteenth century industrialised countries experienced a revolution in life 

expectancy. At that time the record life expectancy was about 45 years for women in Sweden and 

has now moved towards 86 years for women in Japan (Oeppen & Vaupel 2002, Christensen et al. 

2009). 

But what has caused this increase in expected years of life? Or in other words: what made 

mortality decline? Today we know that North-Western-European countries, especially England 

and Wales, France and Sweden (and somewhat later Denmark) were the forerunner of this 

development, while the former were urbanised and the latter were mainly rural. As we aim to 

analyse the mortality development in a mainly rural area with small cities, we will now focus on 

Sweden and Denmark. Over all, the development of Sweden and Denmark is very similar, which 

supports a comparison of both countries and a comparison of both with another more rural area 

(Johansen & Oeppen 2001). 

In Sweden we can find reliable official population data from 1749 onwards, which provides a 

unique opportunity to investigate the very early stages of the transition towards low mortality - 

and later low fertility, which together are known as the demographic transition. As can be seen in 

Figure 1 there are three stages of this development (see also Hofsten & Lundström 1976). The 

first stage ended about 1810 after constant fertility and an early mortality decline, although, the 

latter showed rather strong fluctuations. The second stage (until the 1860s) is marked by a 

constant high level of fertility and an accelerating decrease in mortality. Until the middle of the 

twentieth century Sweden was in the third stage of the transition and mortality as well as fertility 

declined strongly. Between 1800 and 1900 the crude death rate decreased from 25 to 15 per 1000 

and the birth rate decreased from about 35 to 25 per 1000. Owing to constant fertility and 

decreasing mortality up to the middle of the nineteenth century the population rose nearly 

fourfold, from 1.4 million in 1700 to 2.3 million in 1800 and 5.1 million in 1900 (Hofsten & 

Lundström 1976). Further, life expectancy at birth increased by more than 25 years from the end 

of the eighteenth until the beginning of the twentieth century, progressing from 33 years in 1800 

to 59 years in 1910 (see Figure 2). 

But why did mortality decline? First of all, we have to look at the age distribution of the decline. 

The early development was mainly shaped by decreasing infant and child mortality from 1800 

onwards (continuing after 1900). Infant mortality decreased steadily from 200 to 100 per 1000 in 

one hundred years, mostly caused by a decline in post-neonatal mortality (Fridlizius 1984). 

Mortality in older age groups also decreased during the nineteenth century, but was marked by 
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fluctuations. A strong decrease became established at the end of the nineteenth century and the 

beginning of the twentieth and still continues. 

There are several explanations for the mortality transition in Sweden. Fridlizius (1984) claims that 

vaccination and the relationship between infection and host rather than improvements in living 

standards, climate or childcare were the main causes of the early mortality decline. Bengtsson & 

Ohlsson (1994) suggest that improvements in agriculture and industry, nutrition, hygiene and 

sanitation and medicine triggered and extended the mortality decline. On the other hand there is 

evidence that public health played its role in the development (Riley 2001) as smallpox 

vaccination, breast-feeding campaigns, education of midwives, disease control, investments in 

water supply and sewage systems, and promotion of improved personal hygiene were introduced 

(Bengtsson 2006). Bengtsson further discusses that living standards or equal income distribution 

may not have been the main causes (as real wages of workers increased after 1870 (Bengtsson & 

Dribe 2005)), but emphasizes public health and especially the low level of urbanization and less 

virulent environments.  

 

Figure 1: Crude Birth and Death Rates - Sweden and Denmark 
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Source: Human Mortality Database: own calculations. 
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Figure 2: Life Expectancy at Birth- Sweden and Denmark  
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Source: Human Mortality Database. 
 

Figure 3: Crude Birth and Death Rates - Denmark 

 
Source: Johansen 2002. 

 

Reliable official data for Denmark can be found from 1735 onwards, which again allows one to 

examine the very early stages of the demographic transition (see also Johansen 2002). Figure 3 

shows the development of the crude birth and death rates for Denmark from 1735 to 1985. As 

can be seen, the first stage of the transition - starting about 1775 and lasting until 1840 - showed 

an early decrease of mortality but constant fertility, where the latter was lower overall than in 

Sweden. The middle stage (ending around 1890) showed relatively unchanged conditions, with 

constant fertility and steadily decreasing mortality. As Denmark entered the third stage of 

transition, mortality as well as fertility declined strongly and did so until 1939. In the period 

between 1800 and 1900 the Danish crude death rates fell - as the rates in Sweden did - from 25 to 
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15 per 1000. Danish fertility in contrast started at the same level as Sweden but remained slightly 

higher in 1900 (see Figure 1). Again, the population size increased strongly throughout the 

transition and thus tripled by 1910. Between 1775 and 1789 the total population was slightly 

more than 0.8 million (GIP estimates by Johansen 2002) and increased to 1.2 million in 1835 and 

to 2.4 million in 1900 (HMD). Life expectancy at birth increased by more than 20 years from the 

end of the eighteenth to the beginning of the twentieth century, ranging from 37 years between 

1795-1800 to 59 years in 1910. 

To explain the mortality decline we again need to look at the age distribution. The first stage of 

the transition was also triggered by decreasing infant and child mortality, whereas adult mortality 

played a minor role. Infant mortality declined significantly from 180-200 per 1000 between 1780 

and 1801 to 130-150 per 1000 between 1835 and 1839 (Johansen 2002). In the following stages 

infant and child mortality as well as adult mortality played a role in the decline, whereas the latter 

(especially mortality up to age 60) was particular important in the last stage (ibid.). 

There is consensus that the early mortality decline in Denmark was promoted by significant 

agricultural developments. New laws of land ownership, enclosure of rural areas, improved 

technology and increased production and thus, better nutritional intake, which in turn caused 

better resistance against infectious diseases, were the main factors (Andersen 1984). Medical 

innovation, public health improvements - such as improved housing, better water supply, and 

sewer systems - and improved living standards were more important in the later stages of the 

transition (Andersen 1979). Further, there have been no large-scale epidemics after the malaria 

epidemic in 1830 (Johansen 2002). 

 

 

1.2 Mortality Decline - European Explanations 

 

Until today there have been many debates - and just as many explanations - concerning why 

mortality declined. For a long time there were two main directions of argument: the influence of 

improved nutrition (e.g., McKeown & Record 1962, McKeown 1976) and the influence of public 

health and medical innovation (e.g., Omran 1971, Preston 1976, Szreter 1988). Later discussions 

however, have addressed a more holistic view, as mortality decline is seen as a multi-causal 

development (e.g., Schofield et al. 1991, Riley 2001). 

McKeown’s “Modern Rise of Population” has long been one of the main approaches towards an 

explanation of population development during the demographic transition. In his original 

approach - primarily using data from England and Wales - he claimed that population growth 
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since the eighteenth century was caused by a decline in mortality and not increased fertility. 

Modernization and especially economic modernization is seen as the trigger of this population 

development. McKeown explains that the early mortality decline was triggered by the reduction 

of infectious diseases and that this was caused by a rising standard of living rather than by 

medical or public health improvements. Living standard is mainly seen in terms of quantitative 

and qualitative improvement of nutritional intake, which strengthens the body and the immune 

defence and thus, reduces vulnerability to infectious diseases. In McKeown’s view improvements 

in public health measures and medical technology became important as mortality was already 

declining and thus, had no main influence on the early mortality decline. 

McKeown’s explanation was challenged by several authors. Szreter (1988) for example critiques 

his rejection of the role of public health and medical innovation and questions if the mortality 

decline was mainly due to increased nutritional intake and increased living standards. He claims 

the McKeown’s hypothesis is based on assumptions and inference and not on existing data. He 

argues further that tuberculosis (TB) for example, is not the predominant factor in the mortality 

decline - whose reduction McKeown claimed to be the leading cause. He explains that some TB 

deaths could be caused by a weakened immune system - perhaps caused by lack of nutrition - but 

that this could as well be caused by other diseases. In addition, those other diseases might have 

been more lethal than TB. Szreter summarizes that not only the decline in airborne diseases, but 

also the decline of classic sanitation and hygiene diseases and thus, sanitary reforms and changing 

public health measures instead of nutrition (or rising living standards) played a major role in the 

mortality decline. However he does not neglect the influence of nutrition but asks if it was so 

universally effective. Beyond Szreter’s critique there are several other authors who have found no 

evidence that the mortality decline was primarily caused by increased nutritional provision. For 

example, Preston (1976) found evidence that better medical technology and the introduction of 

public health measures had much more influence than the standard of living in developed 

countries. Livi Bacci (1991) doubts that mortality decreased because of nutrition, as it started 

declining in the eighteenth century while nutrition was not yet improving. 

Another medically influenced approach towards an explanation of the mortality revolution is 

Omran’s epidemiological transition theory. In his first description of the theory in 1971 he 

describes that, during the transition, fundamental changes in the main causes of death occurred 

and that there was a shift from pandemic infectious diseases towards an era of man-made 

degenerative diseases. He further acknowledges that mortality is an essential factor of population 

development. 
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The epidemiologic transition occurs in three stages and is determined by several interacting 

factors: balance of disease agents and the host; socioeconomic, political and cultural determinants 

(standards of living, health habits and hygiene, nutrition); medical and public health determinants 

(public sanitation, immunization, decisive therapies) (Omran 1971:520). He further claims that 

the transition is closely connected with modernization and the socioeconomic and demographic 

processes related to it. 

All explanations described so far have a somewhat one-sided view into the underlying factors of 

the transition. Several authors however, have promoted a more holistic view and tried to explain 

the development with different (interacting) factors. Schofield (1984) states that in analyzing 

mortality decline immunological aspects and nutritional aspects have to be addressed and 

compared especially. 

Schofield, Reher and Bideau (1991) also promote a broad view in their book “The Decline of 

Mortality in Europe”. Here diverse authors address the multiple determinants of the mortality 

decline. Schofield and Reher state that besides nutrition, living standards, public health and 

sanitation, there are other factors such as living conditions, workplace, urbanization, education, 

aetiology of old and new diseases, physicians and medical science, mothers, infant-feeding 

practices and hygiene, politicians and reformers and also climate that have an influence on 

mortality development (Schofield & Reher 1991:10). Puranen divides the determinants into those 

affecting exposure and those affecting actual infections. Thus, exposure is determined by living 

conditions (hygiene and population density), occupational structure and location and infections 

are determined by nutrition, general health, absence or presence of other diseases, stress, age and 

alcoholism (Puranen 1991:117). 

Brändström & Tedebrand (1991) also concentrate on a broad interdisciplinary approach to 

improvement when they compare the effects of medical technology and nutrition and housing, 

and analyze the effect of the reduction in the virulence of pathogens, acquired immunities, public 

sanitation and explore overall social, economic, cultural, medical, political and biological factors 

on mortality development. 

Another more recent publication is Riley’s (2001) “Rising Life Expectancy”, where he describes the 

global history of the modern life expectancy revolution. He firstly compares the economic 

modernization and epidemiologic transition theories as explanations for mortality decline. Then 

he concludes that the development could not be explained by a single cause and thus, analyzes 

life expectancy development with respect to: public health; medicine; wealth, income and 

economic improvement; famine, malnutrition and diet; households and individuals as well as 

literacy and education. 
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1.3 Mecklenburg-Schwerin 

 

Mecklenburg-Western Pomerania, the Northern German federal state situated near the Baltic Sea, 

as it exists today was founded in 1990, after the reunification of both Germanys. In the late 

eighteenth, nineteenth and early twentieth century today’s territory was divided into the Grand 

Duchy of Mecklenburg-Schwerin, the Grand Duchy of Mecklenburg-Strelitzia and the province 

Pomerania which was a part of Prussia (Gruner 2002). Here we analyze the mortality 

development of Mecklenburg-Schwerin in the nineteenth and early twentieth century, as the 

grand duchy formed the biggest part of today’s Mecklenburg-Western Pomerania (Figure 4). 

Further, this state provides the best German data to perform our analysis. 

 

Figure 4: Map of Mecklenburg-Schwerin and its surrounding states  

 
Source: http://www.ieg-maps.uni-mainz.de/gif/p71HMk_a4_mb.gif 

 

Mecklenburg was special among the provinces later forming the German Empire (1871). Its 

constitution, the “Landesgrundgesetzliche Erbvergleich” (constitutional succession settlement) 

which formed Mecklenburg-Schwerin and Mecklenburg-Strelitzia and gave the power to one 

sovereign (the Duke, who was given the rank of Grand Duke in 1815) was written in 1755 and 

remained nearly unchanged until 1918 (Karge et al. 1993). Further, this constitution gave huge 

power to the nobility (‘Ritter’) and the guilds, what made reforms even more difficult (Bei der 

Wieden 1994). Although democratic reform movements emerged in the years 1848/49 (March 
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Revolution), no real constitutional changes occurred, and the Duke as well as the nobility 

(‘Ritter’) and the guilds remained as powerful as before (Boll 1856). 

Another characteristic of this feudal state was its low degree of urbanisation. Mecklenburg-

Schwerin was mainly rural with some small cities, where the biggest were Schwerin and Rostock 

with 38,642 and 28,849 inhabitants respectively in 1871, forming about 5% to 7% of the total 

population. In conjunction with this low urbanisation, the Duchy had a very low degree of 

industrialisation until the end of the nineteenth century. The first shipyards for example, emerged 

in 1890, but they still mostly building sailing ships (North 2008). This suppression of 

industrialisation was mainly due to the power of the guilds, the mandatory guild memberships 

and traditional lines of business (agriculture, shipping) (Karge et al. 1993). In 1900 about half of 

all workers were still agrarian workers. There were very few small farms and most of the land was 

owned by great land owners, of which 50% were noblemen, who were allowed to press farmers 

into serfdom and incorporate their land (Vitense 1920). After serfdom was abolished in 1820 the 

situation for small farmers was not better, as land was (highly) charged with taxes. An exception 

were the noblemen, as they only had to pay taxes for the land they had incorporated from small 

farmers and thus their heritage (‘Rittergüter’) stayed tax free (North 2008). In addition, the now 

free day labourers had very few rights and became even more dependent, as they could easily be 

laid-off and thus, would lose their income and dwelling (Bei der Wieden & Schmidt 1996). 

Although there was no great industrialization movement, Mecklenburg-Schwerin’s agriculture 

developed and thus production could be improved. Farmers turned away from three-field crop 

rotation at the end of the eighteenth century, which doubled the crop and allowed improved 

cattle and sheep breeding (Karge et al. 1993). Later on, as agriculture was one of the few fields of 

technological progress and invention, farming output was steadily improved, which allowed 

Mecklenburg-Schwerin to export its products, e.g., to England. 

 

 

2. Data 

 

Our analysis is based on the aggregate data of the “Großherzoglich Mecklenburg-Schwerinscher 

Staatskalender”, an annual calendar issued by the Grand Duke of Mecklenburg-Schwerin for the 

years 1786 to 1910. These calendars give annual counts of population movement, births, deaths, 

marriages and population totals and subpopulations classified by parishes (1786-1875) and the 

civil registry offices of the districts (“Bezirke”) (1876-1910). No information is given for the 

militia. Since the first years of the calendar contain no reliable information on population totals 
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(see also Manke 1999) we analyze the data from 1818, which was the first year with population 

totals for all ages. Births counts are given separately for both sexes and deaths are also counted 

by sex but without stillbirths. Stillbirths and deaths before baptism are given together in an extra 

category and marriages are given for pairs that were espoused. From 1818 to 1867 population 

totals are given for every year and include the censuses from 1819, 1866 and 1867. For the period 

from 1868 to 1875 the totals from two censuses (1871 and 1875) are available and from 1875 

onwards the totals are derived from the quinquennial censuses. Net migration can be calculated 

via the population renewal equation as the residual change in population after natural increase has 

been accounted. 

Additional data on the age structure of the population, on mortality, fertility and nuptiality and on 

migration can be derived from two other official sources: the statistical handbooks of the Grand 

Duchy and the “Contributions to the statistics of Mecklenburg-Schwerin” (original title “Beiträge 

zur Statistik Mecklenburgs.”). The three statistical handbooks were published in 1898, 1910 and 

1931 and provide information on the age structure of the population for males and females (in 

five year age groups for 1891 and 1910) as well as information on the age structure of the 

mortality. The “Contributions to the statistics of Mecklenburg-Schwerin” were published from 

1859 to 1912. These 16 issues give exceptional information on mortality, fertility, nuptiality and 

migration as well as economy and meteorology. For our analyses we used information on seven 

censuses, divided by single year, age, sex and marital status, from 1867 to 1910 and additionally 

assessed data for calculating life tables (total population and deaths by single ages, sex and marital 

status). 

 

Figure 5: Population totals from 1795 to 1910 
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Source: Grosherzoglich Mecklenburg-Schwerinscher Staatskalender (1818-1910), own calculations. 
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The following descriptive findings are taken from the ‘Staatskalender’ data. Figure 5 shows the 

total population of Mecklenburg-Western Pomerania from 1818 to 1910. The number of people 

increased from about 380,000 people in 1818 to 640,000 people in 1910, but underwent a period 

of stagnation from the 1850s to the 1880s. This stagnation was probably caused by mass 

outmigration which started in the early 1850s and continued until the early twentieth century 

(Bade 2000; Pade 2004). In the 1880s the effect of the mass emigration was slowed by waves of 

immigration e.g. from Sweden, Russia or Austria-Hungary to compensate for the great losses of 

agricultural workers (Bade 2000). 

 

Figure 6: Total numbers of births, deaths and marriages from 1786 to 1910 
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Source: Grosherzoglich Mecklenburg-Schwerinscher Staatskalender (1818-1910), own calculations. 
 

Figure 7: Crude birth, death and marriage rates from 1818 to 1910 
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Source: Grosherzoglich Mecklenburg-Schwerinscher Staatskalender (1818-1910), own calculations. 
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The totals of births, deaths and marriages from 1786 to 1910 are shown in Figure 6. Births, as 

well as deaths counts, show an inverse u-shaped development with an increasing trend until the 

1870s and a decreasing trend afterwards, whereas fertility increased to a greater extent than 

mortality. The number of marriages increased over nearly the whole period. 

Figure 7 depicts the crude rates for births, deaths and marriages (per 1000) during the 

observation period. Births rates are declining over the whole period. Up to the 1870s the death 

rates fluctuate between 20 and 25 per 1000 and decline afterwards. Marriage rates show a fairly 

constant level over the whole period. 

 

Figure 8: Total numbers of net migrants from 1818 to 1910 
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Source: Grosherzoglich Mecklenburg-Schwerinscher Staatskalender (1818-1910), own calculations. 
 

The estimated total net migration between 1818 and 1910 is shown in Figure 8. From 1886 

onwards there are no annual population totals, so the average net migration between two 

censuses is shown. Losses due to net emigration increased over time. Net losses due to 

emigration over the whole period were 279,678, and over 90% of these occurred between 1850 

and 1910.  

 

 

2.1 Data Quality 

 

To perform a sophisticated historical demographic analysis it is important to examine data quality, 

as this might become a problem, either for interpretation or for obtaining sound results at all. 

Manke (1999; 2005) gives detailed descriptions of the statistics of Mecklenburg-Schwerin. First of 

all we have to consider that there have not been statistical offices in the Duchy until 1851; 

therefore it may be difficult to find adequate publications except for the ‘Staatskalender’. In 
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analyzing the data derived from the ‘Staatskalender’ one should take into account that until 1875 

the population counts were derived from parish registers and afterwards from civil registry 

offices of the districts (“Bezirke”). Thus, there might be differences in the data quality, as the 

registration from civil offices would have been much better. Comparative analyses of different 

cities or regions over a longer period might not be possible, as registration areas as well as 

boundaries have changed. Since we examine the total population of Mecklenburg-Schwerin, this 

might not be too problematic, as the ducal boundaries changed to a lesser extent. 

Up to 1803, data from the parishes were collected from 1st Advent to 1st Advent (ecclesiastical 

year) and thereafter until 1874 at Martinmas (end of November). From 1875 onwards the 

population movement was registered from January to December. These discrepancies in the 

collection cycles have to be considered in analysing and interpreting the data. 

Until 1818 children under the age of five, as well as people with other than Lutheran confession, 

were not included in the parish registers, the population totals in the ‘Staatskalender’ can not be 

used directly in the early years. Further, Manke points out that data collection in bigger cities was 

somewhat problematic until the late nineteenth century. Additionally, the ‘Staatskalender’ gives 

no information on militia, what could affect the male population estimates in the middle age 

groups. 

In terms of accuracy, there are sometimes deviations in the totals from one year to the other, 

which might be due to ‘human error’. On the one hand, clergymen often took their data from 

sextons and schoolmasters, who might not be too accurate. On the other hand, count lists were 

not always sent on time. We account for these inaccuracies in using the totals at time tx that were 

published in tx+1. Although there are some constraints in the ‘Staatskalender’ data, we will use 

them for our analysing mortality development in Mecklenburg-Schwerin in the nineteenth 

century. 

In addition to the ‘Staatskalender’ we use publications on several censuses. The first census was 

taken in 1819, but except for population totals, we could not identify any further publications.  

As there were statistical offices from 1851, we have information on several censuses from 1867 

onwards. The 1867 census - the second real census in Mecklenburg-Schwerin - was initiated by 

the North German Confederation and recorded the residential population, taking into account 

those who should be there and excluding those who were there temporarily. In terms of accuracy 

Manke (2005) points out that there might be over registration of some age groups, due to age 

heaping or age vanity. Further, it is not exactly clear to what extent there were problems in the 

data collection process. Overall, it is said that all censuses from 1867 onwards are fairly accurate 

and could be used for statistical analysis of population development. 
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3. Generalised Inverse Projection 

 

Inverse Projection is used to estimate demographic parameters of fertility and mortality, by using 

aggregate data - such as birth and death counts - which are commonly available. Therefore it is 

especially useful in historical demographic research, as vital or parish registration was relatively 

good in previous centuries, but reliable census or survey data were often lacking (McCaa 2001). 

Inverse Projection was first developed by Lee in 1974, when he calculated “series of vital rates and 

age structures from baptisms and burials” and age structures of a population at the beginning of the 

period, using the balancing equation. In this first attempt Lee applied his method to a closed 

population, which was latter extended, as populations are usually not closed over time (McCaa 

2001). One problem that remained is that migration in the latter application was included 

exogenously (Johansen & Oeppen 2001). Another rather problematic issue of Inverse Projection 

is the need for an initial age structure, when the observation reaches far into the past and there 

might not be such information. In order to deal with both issues, Wrigley and Schofield (1981) 

developed Back Projection, where they estimated migration from a terminal age structure 

backwards, again, using the renewal equation. This attempt was critiqued by Lee (1993) as it 

ignores the weak ergodicity of populations. 

Another attempt to revise Inverse Projection was undertaken by Oeppen in 1993, when he 

developed Generalised Inverse Projection, an incorporation of Inverse and Back Projection 

methods. GIP uses annual numbers of births and deaths and a terminal age distribution of the 

population and tries to calculate net migration endogenously (Johansen & Oeppen 2001). In 

using parameters to define mortality and migration, birth cohorts can be projected. These cohorts 

may not be complete, as the cohorts they stem from are unknown. This problem can be solved 

by assuming a stable growth rate (Johansen & Oeppen 2001).  

GIP calculates the levels of mortality and migration in one optimisation procedure - a standard 

non linear least squares algorithm - that minimises the following objective function: 
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Where D denotes the given death counts, N is a census - the  ̂symbol denotes estimated values -, 

µ is the net-migration parameter, t is the time, x is the age groups and T denotes the terminal year 

and K the number of age groups. The first and second error terms in the equation measure the 

relative discrepancy between the estimated deaths and the terminal census age groups and the 
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corresponding observed data, and the third term controls whether the development of net-

migration is smooth - as this is a basic assumption of the model (Oeppen 1993). In changing the 

smoothness parameter λ the fit of the estimations and the migration assumption can be adjusted. 

A rule of thumb therefore is: the higher λ the more weight is given to the assumptions compared 

to the observed data. As we have lots of original data we apply a λ of 0.001 and thus give more 

weight to the data. 

One special feature of this approach is its flexibility, as any item of information - the so called 

targets, which can be data as well as assumptions - can be included. The objective function 

described above shows the simplest case, where no additional data are included in the analysis. In 

our study we incorporate the following targets: additional census age structures for 7 censuses 

(1867, 1871, 1875, 1880, 1885, 1890 and 1900); single age life tables for 1867-1871, 1872-1876 

and 1877-1881 […]. Another feature of this model is that it gives errors for every target, where 

the sum of (these) squared errors (SSE) is a consistency measure between the model and the 

targets (Johansen & Oeppen 2001). 

GIP in its flexibility has its constraints, as the results strongly depend on the quality of the 

original data as well as the feasibility of the assumptions. It is desirable to include much 

information, especially as historical data often lacks quality, but one should be aware that 

incorporating additional targets can produce even more insecurity. Therefore, iterating models, 

applying different bits of data and checking if they produce better outputs, are needed. Further, 

reliability testing of input data as well as results and external checking is crucial (van Leeuwen & 

Oeppen 1993). 

 

 

4. Development of mortality in Mecklenburg Schwerin 

 

In this chapter we analyse the population development of Mecklenburg-Schwerin from 1786 to 

1910, assessed from GIP. We used the following input data: birth and death counts from 1786 to 

1910; the terminal age structure in 1910, in five year age groups until age 80; population totals 

from 1819 (year of first census) to 1910; a model life table (North) with life expectancy at birth of 

50 years; a model migration table from […] and a fertility table with the mean age of birth of 32 

years. 

The population of Mecklenburg-Schwerin more than doubled in about a century, from a total of 

about 0.3 million to 0.64 million. Figure 9 shows the age structure of at the beginning and the 

end of our observation. In 1785 we find the typical pyramid shaped form of the age structure, 
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whereas in 1910 this shape changed, as there are fewer people between the ages 20 and 40. This 

slump could be partly explained by massive out-migration of young people at the end of the 

nineteenth century. 

 

Figure 9: Population pyramids, 1785 and 1910 
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Figure 10: Development of e(0), 1785-1910 
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Figure 10 shows the development of e(0) in five year intervals from 1785 to 1910. Life 

expectancy at birth increased relatively steadily from about 38 years for both sexes to about 49 

years for men and about 51 years for women, peaking once in the 1820s. The gain in life 

expectancy at birth is bigger for women than for men, but both seem to converge at the end of 

the period. 

The net reproduction rate (NRR), the average number of daughters a woman would have given 

birth to, is depicted in Figure 11 where 1 would be the exact replacement of a female birth in the 

subsequent generation. In Mecklenburg-Schwerin we find over-replacement of births and thus 
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population growth, for the entire period. Again, the peaks display period fluctuations, where the 

high level in the late nineteenth century is caused by a high level of fertility and declining 

mortality during the transition. 

 

Figure 11: Development of the NRR, 1785-1910 

0.75

1

1.25

1.5

1.75

2

1785-1790 1805-1810 1825-1830 1845-1850 1865-1870 1885-1890 1905-1910

NRR

 
 

Figure 12: Dependency Ratio, total population 1785-1910 
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The dependency ratio indicates the proportion of people in non-working ages in contrast to 

people in working ages, where 1 displays a balanced share. This measure is based on a rather 

modern definition of working and retirement age, but we include it as a comparative component. 

Figure 12 shows the ‘common’ dependency ratio (DR) of those aged 0-15 and 64+ to people 

aged 15-64. In addition, comparisons of working age people with young (YDR) respectively old 

(ODR) people are included. 
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For the whole period the share of people in working ages is higher than of non-working ages. 

This share is mainly shaped by the proportion of young people (YDR). The sharp decrease in the 

1830s is the result of the period fluctuation in fertility (see also Figure 11). The peak in the 1890s 

is to some extent a result of an increased share of older people (ODR), which might be caused by 

massive out migration of people in working ages. 

For backwards estimation of the incomplete cohorts, a factor of annual population growth, 

which can be assessed either from the development of births or population totals, is needed. 

From our original data, we calculated growth factors of 1.0354 from the total of birth and 1.0339 

from the population totals, and chose the former to be applied in our further analysis. In 

controlling for both sexes the population growth factors are estimated to be 1.0351 and 1.0341 

for men and 1.0356 and 1.0365 for women. Again the value based on birth is applied in our 

analysis. A striking fact is, that both growth factors are very similar, which is a sign of good data 

consistency. 

 

Table 1: Sum of Squared Errors, by targets 

Target Sub Total Per cent of 
Total SSE 

Total SSE 0.00543539 100.00% 

Census Age Structure 0.00021563 3.97% 

Death Totals 0.00019421 3.57% 

Population Totals 0.00461927 84.99% 

Migration Schedule 0.00040628 7.47% 

 

Table 2: Sum of Squared Errors, by targets and sex 

Target Sub Total Per cent of 
Total SSE 

Sub Total Per cent of 
Total SSE 

 Male  Female  

Total SSE 0.00322867 100.00% 0.00213197 100.00% 

Census Age Structure 0.00007999 2.48% 0.00004059 1.90% 

Death Totals 0.00007833 2.43% 0.00004736 2.22% 

Population Totals 0.00268147 83.05% 0.00161905 75.94% 

Migration Schedule 0.00038887 12.04% 0.00042497 19.93% 

 

As GIP gives the SE for every target included, we can assess the overall quality of the estimates 

as well as the contribution of every target. In this model the SSE is 0.00543539, a value that as 

such can not be interpreted, but if compared between different models can give a direction. 

Therefore, a rule of thumb is: the lower the SSE the better the model, as we aim to minimise 

errors. Table 1 shows a summary of the contributions of all targets to the SSE. Here, the errors in 

the population estimates account for 84.99% of the SSE, which means that there is some 
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inconsistency between estimated and observed population totals. Census age groups, death totals 

and the smooth migration schedule instead have a better fit. When contrasting men and women, 

we can see that men have a higher overall SSE than women (Table 2). Again, the population 

estimates seem to be the main factor of discrepancy between estimates and observations, whereas 

the contribution is higher for men than for women. Migration seems to be a bigger factor of 

uncertainty for women. 

In order to assess the magnitude of the mortality decline in Mecklenburg Schwerin, Figures 13 

and 14 compare the development of life expectancy at birth in Mecklenburg-Schwerin with 

Germany and with Sweden and Denmark. Data for Germany are derived from Imhof (1994) and 

data for Sweden and Denmark stem from the Human Mortality Database and GIP calculations. 

During the late eighteenth and early nineteenth century life expectancy at birth in Germany was 

somewhat higher than in Mecklenburg-Schwerin. After 1820 however, this relation changed and 

Mecklenburg-Schwerin followed a different development to Germany. In Mecklenburg-Schwerin, 

e(0) increased over almost the whole period - only slowing down between 1830 and 1850 - , while 

Germany stagnated and even declined for some time, to rise from 1870 onwards. Female life 

expectancy however, seems to converge at the beginning of the twentieth century. 

 

Figure 13: e(0) in Germany and Mecklenburg-Schwerin, 1790-1915  
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Source: GIP for Mecklenburg-Schwerin; Imhof (1994) 
 

When comparing the development of Mecklenburg-Schwerin with Sweden and Denmark, a 

striking similarity appears. For the entire period, life expectancy at birth in Mecklenburg-Schwerin 

seems to follow the Northern-European pattern, rather than the German one. Unfortunately we 

do not have early data from Mecklenburg-Schwerin and thus can not examine early mortality 

development. 



 20 

Figure 14: e(0) in Sweden, Denmark and Mecklenburg-Schwerin 
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Figure 15: GRR, Sweden, Denmark, Mecklenburg-Schwerin 
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Source: Human Mortality Database and GIP. 
 

The Gross Reproduction Rate (GRR) is the average number of daughters a female birth would 

bear, assuming her survival until age 50. Figure 15 compares the GRR estimates for 

Mecklenburg-Schwerin with Sweden and Denmark. Again there is some similarity in the shape, 

but not in the level of the development. For most years, fertility in Mecklenburg-Schwerin was 

higher than in Northern-Europe, especially as Danish fertility showed an early decline. Sweden 

and Mecklenburg-Schwerin instead seem to have a somewhat uniform fertility pattern up to 1900. 

Figure 16 shows the relative importance of changes in the GRR and e(0) in influencing the 

intrinsic growth rates for Germany, Sweden, Denmark, Norway and England between 1785 to 

1905 (see also e.g., Wrigley & Schofield 1981, pp. 242). Mecklenburg-Schwerin, Sweden, 
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Denmark, and England seem to have similar levels of survival before the modern rise. Fertility 

seems to have had a bigger impact on population dynamics in Mecklenburg-Schwerin - as it did 

in England - than in Sweden and Denmark. Sweden, Norway and Denmark show a rather 

horizontal spread of points, indicating smaller fluctuations in fertility than in mortality. 

Mecklenburg-Schwerin and England in contrast move vertically through time, Of the areas 

shown, Mecklenburg-Schwerin was the most stable with respect to intrinsic growth. Changes in 

mortality and fertility were largely offsetting so that growth was generally stabilized between 1.0 

and 1.5 percent per annum.  

 

Figure 16: Combined effect of GRR and e(0) on the intrinsic growth rate, 1785-1905 
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Source: Own calculation. 
 

 

5. Discussion and Conclusion 

 

In this project we aimed to analyse the mortality development of Mecklenburg-Schwerin in order 

to better understand the modern rise of life expectancy. In addition we wanted to find patterns 

that help locate Mecklenburg-Schwerin’s mortality development in historical Europe. 

Mecklenburg-Western Pomerania today has the lowest average live expectancy in Germany. Does 

this development have its roots in the past, because regional mortality differences in Germany 

already existed in the nineteenth century (Lee 1984)? Or does the federal German state have 

another mortality history? Can the present mortality patterns have been influenced by historical 

or more current factors? At first sight the initial question is not raised without reason, as there are 

regions in Germany whose position - in terms of mortality development - has not changed for 
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centuries. In his study of regional mortality differences, for example, Luy (2004) found that 

Saarland and Hartum (a region near Bremen) had the lowest average life expectancy in the 

eighteenth and nineteenth century. Today the German federal states of Saarland and Bremen still 

have leading positions in high mortality (Sommer 2002). On second thought however, one might 

argue that Mecklenburg-Western Pomerania - respectively its historical counterpart Mecklenburg-

Schwerin - in its location at the Baltic Sea might have more ‘Nordic’ patterns of historic mortality 

development, and that the present state of life expectancy was influenced by more recent 

developments. This similarity of population development might stem from natural and historical 

conditions such as the degree of urbanisation, natural resources and soil conditions, culture, 

climate or natural resistance and stamina. 

 

Figure 17: Forces of Mortality Integration 

Genetics

Infections

Environment

Culture

Economics

Data and Science

Education

Public Health

Medical Intervention

Health Technology

Passive Early

Active Late

Genetics

Infections

Environment

Culture

Economics

Data and Science

Education

Public Health

Medical Intervention

Health Technology

Passive Early

Active Late

 
 

There are several explanations why mortality in general, and in Mecklenburg-Schwerin in 

particular, declined. Our finding that Mecklenburg-Schwerin followed the same trajectory as 

Denmark and Sweden leads us to the question of which of these factors resulted in the spatial 

integration of mortality. In Figure 16 we tried to position these possible forces of mortality on a 

scale from passive to active integration. By passive integration we mean a process with little or no 

conscious intervention, such as the spread of a virus or gene. An example of an active 

intervention would be the provision of piped waste disposal, which implies deliberate, mass 

action. We observe that this scale also implies a temporal scale. Some of the components of 

active interventions only become available towards the end of the nineteenth century and are 

associated with economic growth and the diffusion of ideas.  
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The early mortality decline was triggered by more passive factors as genetics, infections, 

environment or culture. Northern European people are often said to be more robust and taller, 

what might give them a better starting point in the life expectancy revolution. As early as 1858 

Dippe stated that people in Mecklenburg-Schwerin lived longer than most other people in 

Germany and claimed that they seemed to have had an extraordinary robust physique, which 

might have a beneficial effect on survival. 

Increased natural immunity or reduced lethality of infectious diseases might also be one factor of 

the early mortality decline (see e.g., Omran 1971; Schofield 1984, Brändström & Tedebrand 

1991). The last big outbreak of the plague in eighteenth century Europe initiated the phase of 

reduced epidemics, as thereafter infectious diseases (e.g., plague, smallpox, dysentery and typhus 

etc.) tended to become endemic or to die out. It is not clear to what extent this is due to natural 

immunity or reduced lethality, but it seems to be a plausible explanation, as nutrition and public 

health had not improved so much in the very early stage of the transition. In Mecklenburg-

Schwerin, for example, the last outbreak of plague occurred after the Thirty Years’ War (Boll 

1856). Thereafter other infectious diseases played a major role, and these did not kill as many 

people as before. 

Other rather passive factors of mortality decline were environmental circumstances and culture, 

which might explain some of the similarities between Mecklenburg-Schwerin, Denmark and 

Sweden. Dippe (1858) argued that Mecklenburg-Schwerin had fertile soil, which granted good 

harvests and sufficient food. All of the countries we examined were mainly rural and had a very 

low degree of urbanisation. This provided less crowded spaces, with less virulent environments, 

which in turn might have led to better health and survival (e.g. Bengtsson 2006). They also had a 

very similar climate, with temperate summers and relatively mild winters and fresh air, which 

provided good living conditions. 

Culture seems to be rather a factor of similarity between Mecklenburg-Schwerin and Denmark 

and Sweden than of mortality decline per se. As we have seen, all three countries had very similar 

environmental conditions. In addition, they had similar religious backgrounds - as all were 

primarily protestant - and therefore, their culture, habits and ways of living may also have been 

alike. Further, these states have a common past, as for example the city of Wismar was in 

possession of Sweden for several years after the Nordic Wars (Vitense 1920), which might have 

caused cultural exchange. As early mortality decline was triggered by decline in infant mortality, 

another factor may have been breastfeeding patterns, as breastfed children had a lower risk of 

dying than children fed with surrogates. Breastfeeding was traditionally more common in 

Northern German states, which might to some extent explain the differences in life expectancy 
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we found between Mecklenburg-Schwerin and Germany as a whole (Knodel 1988). In Sweden 

breastfeeding was promoted through campaigns and thus was also relatively widespread 

(Bengtsson 2006). 

Another factor of increasing life expectancy could be welfare of the elderly. With improvements 

in old age living conditions, mortality might decrease which in turn would cause an increase in life 

expectancy. Germany was to some extent the forerunner of old age security and might thus be a 

forerunner of increased life expectancy due to higher proportions of elderly people. As 

Bismarck’s insurances however were not introduced before the late nineteenth century (1883 

health insurance; 1884 accident insurance; and 1889 disability and old age insurance) it is not clear 

to what extent they would have influenced the mortality transition (Loth 1996, Gall 2002). 

In the middle stage of modern life expectancy development the impact of economic factors grew. 

For instance, an increased intake of food, both in terms of quality and quantity, provided people 

with better resistance to infectious diseases and thus triggered mortality decline. There is evidence 

that Mecklenburg-Schwerin experienced good harvests and thus could provide more and better 

food. The Duchy was specialised on agrarian production - which was in fact one of the few areas 

of technological progress and invention - and thus modernisation of field production as well as 

cattle and sheep breeding started relatively early (Karge et al. 1993). Increased agrarian 

production was one factor that Johansen (2002) also found to be one of the main reasons for 

mortality decline in Denmark. Alongside improved food production, the increase of per capita 

income and the overall rise of living standards throughout the transition are also said to be 

factors of the later stages of mortality reduction. It is not clear however to what extent this was 

true for Mecklenburg-Schwerin, but we know that income (e.g., Gömmel 1979) and living 

standards increased for the whole of Germany as well as Scandinavia (e.g., Bengtsson & Dribe 

2005). 

Another middle stage occurrence was the interest in data and science. With Prussia, 

Mecklenburg-Schwerin was a pioneer in Western Europe of the systematic and centralised 

collection of vital statistics. It may be that its proximity to Scandinavia and the role of German as 

an international language of science were contributory factors. The improvements in data 

collection and quantitative analysis and the understanding of the causes of disease in the 

nineteenth century, and their dissemination through publication, provided justification for later 

public health measures. 

At the later stages of mortality decline, more active forces of mortality intervention emerged. 

Education as well as health and medical factors triggered further increases in life expectancy. In 

terms of education, especially women’s education towards hygiene and nutrition - for themselves 
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as well as their children - and breastfeeding was important, which improved health and thus 

reduced mortality. Unfortunately, we do not have direct evidence of educational progress. 

 Another commonly stressed explanation for rising life expectancy is the influence of public 

health, medical intervention and health technology (e.g., Omran 1971, Preston 1976, Szreter 

1988). It is however not clear to what extent this applies to Mecklenburg-Schwerin. What we 

know is that smallpox vaccination was first used in 1808 and became statutory in 1816. As 

medical invention lagged behind and the consultation of physicians was not very common, this 

was relatively early (Boll 1856). The (early) decline of mortality was probably not influenced by 

better water supply and improved sewage systems. As Uffelmann (1889) described for Rostock 

(one of the biggest cities in Mecklenburg-Schwerin): it was not until the 1880’s that water was 

generally supplied through (lead) water pipes and the sewage system was fully installed. Usually 

water was supplied through water pumps and public wells. The first water works were installed in 

1866, taking water from the river Warnow, where the sewage was returned. We do not exactly 

know where the more rural areas supplied their water from, but it is most likely that they used 

wells and water pumps throughout the beginning of the twentieth century.  

 

Through GIP the following phases of transition during the modern life expectancy revolution, 

starting in the late eighteenth century were detected. At the beginning of the transition, mortality 

in Mecklenburg-Schwerin was rather constant but fluctuating. After the crisis years resulting from 

the Napoleonic invasion (from 1806 to 1815), life expectancy at birth started to increase and kept 

this steady development until 1910. However, there was a plateau in the 1840s and 1850s, which 

might be related to the start of mass out migration. The March Revolution (1848-49) may not 

have had a great impact on this development, as it had only a minor effect in Mecklenburg-

Schwerin (Boll 1856). 

The comparison of Mecklenburg-Schwerin with Germany and Sweden and Denmark revealed 

striking results. There was a different pattern of mortality decline in Mecklenburg-Schwerin than 

in Germany as a whole, as this decline started earlier and had a stronger impact (higher e(0) over 

the entire period). In fact, Mecklenburg-Schwerin did experience a levelling off of life expectancy 

at birth, but not as long as for Germany. Additionally, the Duchy did not go through an increase 

in mortality. In contrast, we found evidence that Mecklenburg-Schwerin followed the 

Scandinavian scheme of mortality transition. The development of life expectancy at birth 

between 1785 and 1910 followed almost the same level and direction as Sweden and Denmark. 

Fertility was somewhat higher but again followed a similar trend. 
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Our analyses have shown that the high mortality patterns of today’s Mecklenburg-Western 

Pomerania are not founded in the early historical population development. In fact, Mecklenburg-

Schwerin - as the biggest part of today’s Mecklenburg-Western Pomerania - had higher life 

expectancy and an earlier decline in mortality. Mecklenburg-Schwerin in the nineteenth and early 

twentieth century seems to have experienced the same developments that could be detected for 

the Scandinavian states of Sweden and Denmark, which at that time were among the forerunners 

of the demographic transition and, with Norway, were leaders in the modern life expectancy 

revolution. Thus, the contemporary development of life expectancy in Mecklenburg-Western 

Pomerania might to a great extent be due to unemployment and mass out migration of young 

and educated people - and especially young women (Kück et al. 2006; Werz & Nuthmann 2004). 

With a continuing high level of out migration of young people this development has not come to 

a halt. 

In order to better understand the modern rise of life expectancy this project found evidence that 

in addition to those countries we have known so far, there are other areas that went through 

similar demographic transition phases. Further, we have found that another region situated at the 

in Germany as a whole, as this decline started earlier and had a stronger impact (higher e(0) over 

the entire period). In fact, Mecklenburg-Schwerin did experience a levelling off of life expectancy 

at birth, but not as long as for Germany. Additionally, the Duchy did not go through an increase 

in mortality. In contrast, we found evidence that Mecklenburg-Schwerin followed the 

Scandinavian scheme of mortality transition. The development of life expectancy at birth 

between 1785 and 1910 followed almost the same level and direction as Sweden and Denmark. 

Fertility was somewhat higher but again followed a similar trend. 

Our analyses have shown that the high mortality patterns of today’s Mecklenburg-Western 

Pomerania are not founded in the early historical population development. In fact, Mecklenburg-

Schwerin - as the biggest part of today’s Mecklenburg-Western Pomerania - had higher life 

expectancy and an earlier decline in mortality. Mecklenburg-Schwerin in the 19th and early 20th 

century seems to have experienced the same developments that could be detected for the 

Scandinavian states of Sweden and Denmark, which at that time were among the forerunners of 

the demographic transition and, with Norway, were leaders in the modern life expectancy 

revolution. Thus, the contemporary development of life expectancy in Mecklenburg-Western 

Pomerania might to a great extent be due to unemployment and mass out migration of young 

and educated people - and especially young women (Kück et al. 2006; Werz & Nuthmann 2004). 

With a continuing high level of out migration of young people this development has not come to 

a halt. 
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In order to better understand the modern rise of life expectancy this project found evidence that 

in addition to those countries we have known so far, there are other areas that went through 

similar demographic transition phases. Further, we have found that another region situated at the 

Baltic Sea has experienced mortality decline following the Scandinavian pattern. Unfortunately we 

could not examine the very early mortality development of Mecklenburg-Schwerin, and thus 

there is no proof that the increase of life expectancy started as early as in the Scandinavian 

countries. 
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