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Longitudinal population registers are topical for two reasons in the historical context. First, contemporary methodology, they are presently replacing the traditional population control instruments based on censuses or vital registers in country after country. Second, historians in several countries are building historical population registers in order to be able to base their research on continuous collective biographies. This article illustrates these contemporary and historical developments primarily with examples from Norway, where we are currently building a historical population register on the NAPP censuses. Supplemented with other source material, this aims to include as many of the 9.7 million people that were born or immigrated between 1735 and 1964 as possible. The latter year marks the introduction of the national or Central Population Register (CPR), which superseded contemporary local registers with a long history. In 1906 director Gustaf Amneus of the capital’s statistical office launched the Population Register for Oslo. He based the register on older European examples, especially the City Registrar Archive which was operated in Stockholm from 1876 to 1928, but also on the Italian, Belgian and Dutch registers from the middle of the nineteenth century (Thorvaldsen 1998; Janssens 1993). In all these cases the rationale behind the reform was the inadequacy of the censuses and ministerial records to keep track of the rapidly increasing and geographically mobile populations in the big urban centers. The liberal population policies were a thing of the past, and the new legislation about paupers, aliens and vagrants presupposed a population registry system for tracing individuals across time and space.
What then are the characteristics of a population registry? It is longitudinal in the sense that it maintains a continuously updated overview of the population in an administrative geographic area. The registry may be national, regional or local. In the latter case records about migrants are linked together as long as they move inside a municipality, but not necessarily when they cross its local administrative borders. The longitudinal population registry is fundamentally different from the church registers which are limited to recording the vital events (birth, marriage, death) or the census which only record a cross-sectional overview of the population, usually at decennial intervals. The population registry is often based on censuses and lists of vital events, however. The registry will link these events together at the individual level and ideally in addition to record information about migration, so that the composition of the population and the whereabouts of the individuals can be documented more or less continuously. 

Modern, contemporary population registries are updated in real time so that migration and vital events are mirrored in the database as soon as they are reported. However, the continuous nature of the updating of historical population registers must not be interpreted literally, which goes without saying when they are based on non-continuous sources such as censuses or ministerial records. Also, there are population registers like the Swedish catechismal register which were updated annually by the clergy visiting all households, supplemented with vital registration. In spite of the fact that these registers were not updated continuously, they are still called longitudinal. There may also be severe underreporting of demographic events, especially of illegal in-migration or short-distance mobility. The main reason why the longitudinal church registers were replaced by the city registrar protocols in Stockholm was precisely in order to track migrants moving inside, in and out of the city on a weekly basis. Where a significant part of the population migrates to work or live in different countries, regions or localities during the year, the very definition of permanent address or domicile becomes problematic (Thorvaldsen 2006). The core variables in the registry are names, address, sex, birth year or birth date and marital status, often also birth place. In addition a population registry may or may not contain complementary information about occupation, social status, poor relief, education, income, family and household relationship etc. Especially more sensitive types of information such as foster child status or criminal records are typically kept in separate registers which are linked to the population registry via stable and unique id numbers. 

The History of Contemporary Population Registers

The origin of Nordic population registration was in the 17th century. For Sweden and Finland the church law of 1686 regulated that the priests should keep catechetical protocols with topographic overviews of the population in their respective parishes. The legislation was based on regional examples from dioceses where such protocols had already been kept for decades. The system spread to more parts of Sweden and Finland as the ministers found the protocols to be especially useful when the bishop came for his annual rounds of inspection. When Tabellverket [the Table Works] demanded updated aggregates about a host of demographic variables from 1749, the longitudinal system of catechismal records had to be updated annually in the whole country (Nilsdotter Jeub 1993; Sköld 2001).
As we shall come back to later, in the eastern part of the Nordic block, Denmark, Norway and Iceland at the same time introduced vital registration in church books as well as censuses. On the continent, local and regional feudal lords managed to block efficient population registration until the French revolution (Dupaquier 1985). The attempts to remedy this by several revolutionary committees became chaotic, however, and the goal of constructing population registers was never attained. Even the censuses taken suffered from severe under-enumeration. The first working registries were launched at the periphery of the revolution, in the Low Countries and in Italy from the mid 19th century and as already mentioned in Stockholm from 1876 (Janssens 1993 60ff; Thorvaldsen 1995b). 


Urban statistics director Gustaf Amneus travelled from Oslo to visit Stockholm city’s registrar system in 1902. The population of the Norwegian capital had tripled since 1875 and it was impossible to keep track of the city’s geographically mobile population even with annual censuses. It had become clear that a significant proportion of the in-migrants continued to pay taxes to their municipalities of origin. Just like the directors of Statistics Norway, Amneus had his education in law, so the natural procedure was to promote the passing of a bill of population registries in Parliament. Since this body was dominated by representatives from the countryside who aimed to keep taxation and expenditure at a minimum, it turned out to be impossible to pass a law making the registries mandatory. The system that Amneus introduced in 1905 was based on cards rather than protocols, which earned him the title “father of the modern population registry”. There were four card collections: a main system for the families, an index of addresses, one for in-migrants and one for out-migrants. The advantages of using cards soon became obvious, for instance when someone married, their cards could easily be brought together (Thorvaldsen 2008). 


The 1910 census proved that the authorities in Bergen, Norway’s second largest city with nearly 77000 inhabitants had also lost track of their population numbers. They were also impressed by the success of the population register in the capital. Not only had the expenses necessary for keeping the diverse population overviews been reduced, taxation was administered more efficiently, leading to reduced taxation rates. Bergen, like Oslo based their population register on municipal censuses, and their 1912 census included retrospective questions on how long immigrants had lived in the city. During the First and the Second World War the population register spread to new areas. The largest towns were covered together with rural municipalities containing significant urbanized centers, one important motive being the surveillance of foreigners during the turbulent war period, even if Norway was not directly involved in the war effort. Population registers spread to most small towns in the inter-war period, when the economic crises made improvements in tax administration more important than ever. The Association of Cities lobbied to make population registers obligatory in every municipality, so that information on migrants could be exchanged more efficiently with rural places. Unlike in Denmark, where population registers covered the whole population from 1924, Norway postponed this reform until 1946. Small, rural places felt they could easily overview their citizens, did not want the extra expenses in dire times and maybe were afraid to lose taxes from people who went to work elsewhere for a while. 


After Germany occupied Norway in April 1940 they needed to control population mobility more closely. The national census planned for that year was cancelled, thus the deportation of Jews had to be based on other sources such as lists from the Mosaic congregation just like in Copenhagen. In February 1942 the occupants launched the initiative to create a central, national population registry, which was written into law by the German-dominated Reichskommissariat from 1 March 1943. Simultaneously, vital registration was transferred to this nazi-controlled central authority from the churches. Conflicts between the clergy and the occupants and go-slow resistance in Statistics Norway, a nest of anti-German sentiments, turned the reform into a paper-tiger. Nationally oriented administrators quickly realized what useful instruments population registers could become for the German war effort. 

The registers’ affinity to the occupation became a problem when the same administrators wanted to introduce obligatory population registers after the war. The reform was carried through in spite of tough opposition in Parliament, on the conditions that vital registration was brought back into the churches and that the registers were made municipal rather than centralized. Like the Dutch in 1849 based the start of their population register on a national census, it was deemed necessary to carry through a post-war census in Norway as soon as possible (Janssens 2003, 60; Lie 2001). The 1946 census proved that the local registers were missing parts of the population especially in small municipalities, and it was only after a renewed census effort in 1950 that the local registers can be said to contain cards for virtually the whole population. It helped the effort that this census contained retrospective variables catching data about people who had migrated since 1946. The general coverage of the registers now made possible the cross-checking of information about itinerants and other migrants by corresponding with registrars in other municipalities, thus improving the quality and coverage of the registers significantly. 

While Sweden introduced its central population register from 1950, the unified Norwegian national register was based on the 1960 census. Four years were used to build this computerized register, which also involved the introduction of unique social security-like id numbers. Thus, the present Central Population Register has full coverage back to 1964, but misses some vital events during the four years when the register was being centralized. Statistics Norway who was in charge of the register until 1991 primarily wanted to use it for rationalizing the more continuous population statistics than can be done with censuses and vital registration. Another motive was again taxation. From 1957 employees were supposed to have their direct taxes deducted from their monthly or weekly salaries rather than at the end of the year, increasing the importance of a detailed system of registration. From 1991 the Central Population Registry is kept by the Taxation Authority, with an updated copy in Statistics Norway. Denmark stopped taking censuses in 1970 and Finland stopped in 1980. As a compromise, Norway’s last population census was taken on a sample base only in 1990, a full count census being performed only in small municipalities. 
The next and last Norwegian census was taken in 2001, after two types of problems had been solved before altogether dropping questionnaire-based census-taking. First, while all persons had unique id numbers from 1964, the domiciles could not be identified with the same precision. The main objective of the forms Statistics Norway sent out or made available on the Internet in 2001 was to furnish each flat or housing unit with a unique address. Second, some information about the individuals were not adequately defined in auxiliary registers that could be linked to the Central Population Register. For instance the registry of employees contained data about where people worked, but not what work role they had in the said organization, making it necessary to require more specific occupation data from the employers. Even more difficult is the investigation about what level of education has been attained, especially with the increasing popularity of studying abroad. 
Research possibilities

The easily available cross-sectional census data from such sites as the Minnesota Population Center has led to hundreds of interesting papers, articles and dissertations. This site now also includes datasets from linked censuses. On the background of this success we may ask: “Why bother with the complexities inherent in longitudinal data. Research performed with such source material made machine readable particularly in Sweden can be used to illustrate some of the merits of longitudinal methods and data, as is evident from the web site of the Demographic Database, making redundant an exhaustive overview in this article. A more dynamic picture of household patterns, migration, mortality and fertility can be painted when we add details about vital events, geographic mobility, property transfers etc to the cross-sectional overviews. It is particularly illuminating to see how these phenomena are interrelated in time, for instance when a woman becomes pregnant soon after her baby dies, or we can see whether the old mother moves into her daughter’s household before or after she became a widow. Right now studies finding stable demographic characteristics in the same families across generations are topical. 

The timing of events as seen in several sources related to the same persons can also be used to investigate complex cultural patterns such as marriage patterns. In a local study from south-eastern Norway based on the censuses, church registers with burial and marriage records as well as property protocols it could be decided to what extent the timing of the marriage and the choice of marriage partner was made by the groom and bride themselves or by their parents. According to law and tradition most farms in these inland parishes were inherited undivided by the oldest son. While in the 18th century most marriages and farm property transfers were contracted before the parents passed away, the early 19th century saw a development where the sons on a regular basis married after the death of their fathers. It also became an option for the son to not marry, rather running the farm together with a sister or other female relative. It is interesting that by combining these series of nominative sources it was substantiated that at the time of the French Revolution a more liberal practice developed also in the private sphere of match making, easing the pressure on the young to marry a partner of the parents’ choosing (Bull 2005; 2006). This study was based on the local Rendalen database, cf below.

In recent years, there have been numerous national and regional studies of family

composition in the late nineteenth century based on population samples, but few have incorporated community-level economic measures (Sogner 1990; Gunnlaugsson and Garðarsdóttir 1996; Ruggles 2000). Thus, there is presently little agreement about national similarities and differences in family and household composition in the late nineteenth century. Some of the most promising recent work focused on relatively small population subgroups, such as living arrangements of the aged or of unmarried mothers of young children, but in order to understand the transition between family forms, such investigations need data sets where households can be followed over time. This type of analysis will be particularly fruitful if longitudinal databases from several countries can be combined and the context of changing family forms can be related to their setting through multi-level analysis.

An example can clarify the need for longitudinally organized source material: In family and aging oriented studies the main research question is finding factors that motivate parents and their grown-up children to live in the same household. With access to a cross-sectional source such as a census, we can study the differential characteristics of aged people who live or do not live with their children, for instance the extent to which this depends on gender, age and marital status. But differential characteristics of the relevant grown-up children cannot be analyzed, because the children who are not staying with parents are not linked to them. When we have links to persons in at least one earlier census and ideally several other sources, we can study differences between children who do or do not co-reside with their aged parents. Thus, research based on longitudinal data will be able to contribute more complete answers to one of the longest-lasting debates in social history research, the question of the extended family structure (Jåstad 2009). This is but one example why family networks have become so significant for understanding social and demographic history among researchers internationally. In addition, kinship is the pivotal point in many fields of human interaction, from the family business firm via infant and child care to chain migration.

Retrospective Population Registers

We now turn to longitudinal population registers which historians build by combining other types of nominative source material which survive from earlier periods. As mentioned above, the administrative history of the Nordic countries until the start of the 19th century dictated two different types of nominative source material in the eastern and western part of the region respectively. While the priest in Sweden and Finland kept building their catechetical registers even after Finland was seceded to Russia in 1809, the equally Lutheran Danish-Norwegian priests could not be ordered about in their parishes to perform equally diligent tasks. Norway remained in a close union with Denmark until 1814, but both nations kept a system of census-taking and nominative registration of vital events also after that time. Iceland, although belonging to Denmark until World War II, supplemented with longitudinal records for certain periods. These differences mean that historians in the eastern parts of Fenno-Scandinavia can base their computerized, nominative databases on longitudinal church records which were linked by the priests inside each parish. Only the links about migrants between different parishes must be added after transcription, but these can often be based on pointers created in the church records about persons leaving or entering a parish. In Denmark and Norway links between records belonging to the same persons must be brought together with automatic or manual record linkage after transcription also inside each parish. In Iceland the situation is special, since the private company deCODE genetics has transcribed and linked genealogical information from censuses, ministerial records and other sources into a longitudinal database covering much of the Icelandic population several centuries backward in time. This database, however, cannot be accessed by all types of researchers, not all variables in the original sources have been transcribed and so lend itself to a limited range of research types (Wikipedia). 
Family Reconstitution Type Databases

By employing the family reconstitution methodology developed in France by Louis Henry Norwegian historians have built longitudinal population registers for half a century. This was feasible because of the general coverage of the ministerial records; non-conformism has been low and was illegal until the 1840s. Thus, complete families could be reconstituted for the non-migrant part of the population, but those families who moved across parish borders during the fertile period could not be used in the analysis of fertility, and the mortality of out-migrants could not be satisfactorily computed. Problems of calculating the whole population was to some extent amended by also linking to the nominative censuses of 1801, 1865 and later at roughly ten year intervals. No attempts were made to link across more than two generations. About twenty Norwegian parishes were linked in this way depending on how we define a full family reconstitution, and until lately the individual and family cards were sorted manually. Thus, in these cases the computer was used only to aggregate the quantitative results (Thorvaldsen, 2008). The labour-intensive methodology meant that most parishes reconstituted were small so that some analyses tend to run out of numbers. A recent example is of especial for the international historical demographers, since it not only used the computer efficiently but also followed the parishioners both before they emigrated from the fjord community in Western Norway to their prairie settlements in the mid-west, comparing their demographic behaviour on both sides of the Atlantic (Sunde 2001).

In one case the family reconstitution has been turned into a relational database and augmented with complementary source material. Sølvi Sogner reconstituted the parish of Rendalen north-east of Oslo on the border with Sweden manually for the period 1733 to 1828 (Sogner 1979). In the 1990s she was able to employ master students who turned the information on the cards into a relational structure, cf figure 1. Information from the censuses could be imported from the NAPP-related databases, while data from the ministerial records was transcribed from the family and individual cards. Next, a person table was constructed in the database with pointers linking the individual information in the sources together, and on the basis of the wedding records the family structure could also be transferred into the database. In order to extend the database, the censuses from 1865 to 1900 as well as additional 19th century church books were added and linked into the database. By adding records from emigration and taxation lists as well as property protocols and local community histories the database lent itself to more than pure demographic research. In the second half of the 19th century when censuses, church books as well as other sources could be combined, more than 90 % of the persons were identified in more than one source. A century earlier, when the church records often stand alone and lack age data, linkage was successful for some two-thirds of the persons. These high linkage rates are due both to the low level of migration in this peripheral valley community and the diligent record linkage work, also using the full count transcribed censuses from 1865 and 1900 for the whole country. This was realistic due to the small size of the parish, with 1700 persons at the start of the 19th century and only 3700 inhabitants as late as 1900. In addition to the study of marital customs mentioned above, the database has been used to study infant mortality and mental illnesses. The latter investigation which involved a regional psychiatrist, found an amazing degree of hereditary mental illness, quite regularly also resulting in suicide running in certain ancestries. The research potential of this database is currently being expanded anew by extending it with the 1910 census and ministerial records for the period until 1928. 

Longitudinal data is available for one more municipality in south-eastern Norway, the parishe of Asker bordering on the south-west side of Oslo. (Rendalen and Asker are the marked with black on the Norway map in figure 2.) This parish was more populous than Rendalen with 4600 inhabitants in 1801 and 13700 people by 1900. Thus the proximity to the capital and rapid population growth explains why Eli Fure had to restrict the linking of this material to the part of the 19th century up to 1878. On the other hand she had access to draft nominative census lists from the statistical 1815, 1825 and 1835 censuses – material which does not exist for most other parts of Norway. In addition to the baptismal, marital and burial protocols, farm taxation lists from 1826, 1838, 1866 and 1886 could be utilized. In sum, even if the population did not reach ten thousand inhabitants at the end of the period covered by the database, they are represented by about one hundred thousand records in the transcribed source material coevering 78 years. Names were standardized before record linkage, which speeded up the process significantly compared with the Rendalen project. Also, an interactive record linkage program, DEMOLINK was developed for this purpose, so that both records in the sources, life histories and completed families could be represented and sorted in different ways in multiple windows on the computer screen. A common problem in historical protocol data is that some information in the fields is missing, for instance the names of new born children. By using object oriented sorting algorithms, such records could still be placed in its relevant context from the last name and address (Nygaard 1985 & 1992, Fure 2000). Not even the most obvious links were created automatically, but via keyboard commands Fure could link the sorted records efficiently. 
By taking records with much information as the starting point, especially the marital records, these could be linked to records concerning the bridal couple in other sources, which provide scarcer information about the individuals. For instance, the data on the groom’s father will make it easier to identify him in a previous census, while data on the bride will make identification easier in later census and baptismal records. Once married couples and their children are linked, the likelihood increases that also remaining single individuals with the same names and/or birth years can be identified in more than one census. Occupation data was not used as a basis for linkage, because this would bias the linked population with respect to social status, but since name of farm or other residence was a linkage criterion, the material will still be somewhat biased with respect to local geographic mobility. During the rounds of linkage many inconsistent spellings of names or data about year of birth were discovered. By checking against the original source it could be verified that most or these inconsistencies were also present in the original sources, but that some had been introduced during data transcription. The value of the nominative censuses became obvious when it turned out that in the middle of the analyzed period, 95 % of the population could be identified in either the 1825 or 1835 census. Later on, fewer people could be linked to the 1865 census, since there were relatively fewer synchronous   source records to link between, and there were many out-migrants to the rapidly growing capital nearby. 
Fure used the SAS statistical package to research the linked data set with procedures analogue to those used at the Stockholm Historical Database, but later on the records have been transferred to a relational structure in order to be compatible with the Rendalen database. The dataset has been used to study naming traditions and infant mortality. An interesting result stemming from the use of these longitudinal data is that infants born to mothers who were themselves born during the crises years of the Napoleonic wars, tended to experience higher infant mortality. Thus, the health of these mothers seems to have been affected by early life experiences in ways that also influenced the survival chances of the next generation (Fure 2002).
Norwegian historiography has a long tradition of publishing community histories, and an integral part of those published by rural municipalities contain genealogies and the history of individual farms extending as far back as the sources material allows, that is usually into the 16th or 17th century. During the last decades it became a requirement that these volumes should not merely contain the history of the families owning or renting farms, but also include the genealogies of the cottars, artisans and other proletarian groups. Since computer technology became more available at the same time, the authors came to rely more and more heavily on digitization. As a result, two generations of specially designed computer software has been constructed in order to produce these printed volumes more efficiently. The current state of the art is the program package “Busetnadssoge” [Community history] which contains modules for importing transcribed nominative sources, register extra information and link it all into longitudinal genealogies which can be dynamically allocated to the specific places the families dwelled on over time. For the most recent century, when fewer written sources are available due to legal restrictions, much of the information is based on oral sources which are collected by house visits in the community under scrutiny. 

The program package contains advanced editing routines for the production of the book manuscript, but the underlying database contains rather complete information about the demography of the population as well as the economy and geography of farms and other places. The geographic information is pivotal, and organized in hierarchical levels from the municipality via school districts, main farms, sub farms and cottars’ places. Currently alternative program modules are being written in order to export the data into relational structures compatible with the above-mentioned databases from Rendalen and Asker which were originally designed for demographic and other historic research. If successful we shall soon have access to longitudinal data for six more municipalities during the last more than three centuries. (Cf, the dark grey areas on the map in figure 2.) It can be expected that more information will become available for research as new municipalities contract to employ this software in their local community projects. The detailed topographical information will be especially useful for students of geographic mobility on the micro level. 
Census based record linkage

Migration makes it difficult to follow more than parts of the population within the framework of a single parish or municipality, and the lack of adequate migration registers before 1950 restricts our possibilities to trace the out-migrants. The Demographic Database at Umeå university from 1980 solved this problem by digitizing regions consisting of several contiguous parishes rather than single parishes. This is the main reason why the Norwegian Historical Population Register Project aims to work with full data from the whole country, especially for the late 19th and early 20th century. In order to test such procedures, Gunnar Thorvaldsen in his dissertation about migration in the province of Troms (cf map), wrote algorithms to follow out-migrants from three contiguous parishes in the rest of the region. This was done both cross-sectionally by using the encoded birth place information in the post 1860 censuses, and longitudinally by record linkage algorithms which could find also persons who had left their parish of origin but remained in the neighbouring parishes. Since record linkage involved only two sources at the time, we might call this bitudinal rather than longitudinal analysis. This probabilistic record linkage was based on gender, standardized first and last names, age and birth place. When linking between the 1865 and 1875 censuses nearly two thirds of the individuals were identified, while linkage from 1875 to 1900 gave results 8 percentage points lower. The difference in linkage success can be explained both by the longer time span in itself, more migration towards the end of the century and more complete information about burials from the ministerial records for the period 1865-75. The linked data made it possible to compare migration patterns inside the parish with migration inside the province. 

Since the linkage in Troms was based on censuses rather than church records, the degree to which the linked sample is representative for the composition of the whole population can be assessed. Established people and their small children living in stable households, especially on farms were clearly over-represented, while young, unmarried persons working as servants or in other proletarian occupations were more difficult to identify. This is due to their migratory behaviour more than to them having common names, and in addition they could rarely be linked by looking up their relatives. A group which was particularly difficult to link were the immigrants from Finland, who often continued migrating also inside Norway or returned east across the border. The Sami, however, were linked to the same degree as ethnic Norwegians. In Troms, most of them were settled on farms along the coast rather than occupied with nomadic reindeer herding as was the case further north-east.
Building the Historical Population Register for Norway

The time span of the historical population register will be from the start of the 19th century until the current central population register starts in 1964. We know that about 9.7 million persons should be included, we know that 37.5 million source entries exist about them from 1801 to 1960 and that some 8 million of these records have been transcribed, cf figure 3. In addition, information about 3.6 million people living in 1960 exists in the machine readable census for that year. We cannot know the size of the historical population which is currently covered in transcribed source material, but we can make a guesstimate. If we sum the population figures from the 1801, 1865, 1910 and 1960 censuses, some individuals will be enumerated twice. The four de jure population totals have a total of 8.6 million records. If we leave out persons old enough to be present in the previous of these four censuses, it is likely that two million persons are not included in our transcribed, machine readable records. These will mainly be people living before or between the four censuses, and we do not yet know how many of these are included in other sources such as emigration lists or the excerpts from the church records. 
Figure 4 shows cumulative birth cohorts as they were represented in our full count transcribed censuses 1801, 1865, 1900, 1910 and 1960. As can be seen from the figure, in the last half of the 19th and the early part of the 20th century, most of the population will be represented by two or more transcribed censuses which can be joined by record linkage. In the period before 1850, however, a majority of the population will only be present in one transcribed nominative census. 107000 persons born before 1801 survived until 1865, but 530000 survived in Norway from 1865 until 1910. For the period 1910 to 1960 this figure increased to 920000 persons, in each case data based on age information in microdata versions of the last of the three census pairs. Tests done on censuses in northern Norway show that up to 60 % of the persons can be linked between decennial censuses, if we take away people who died or were born between censuses. This proportion will be lower with longer intervals between the censuses or in places with much migration such as the towns. The percentage increases when we have access to complementary source material, such as the church records, both because people can be found in more sources, and because the addition of an extra source will provide information which makes records in other sources easier to link. In the detailed study of the local community Rendalen less than ten percent of the population could be identified in only one source during the material-rich late 19th and early 20th century. The linking of the 1801 census to church records for the surrounding five years of church records for 44 parishes (cf map) shows that even this early record linkage was feasible for on average 80 % of the records, although there were significant differences between the parishes (Engelsen 1983).
 Few persons seem to be entirely left out of the censuses or church books in a country with a small and homogeneous population and low degree of non-conformism. It is much more usual that the birth year or birth date has been misinterpreted or that names are simplified or spelt in strange ways. Many of the middle names in the baptismal lists were left out by the census takers, and some families did not care to mention that the oldest child was born in a different parish, before the parents had managed to marry. As more records are added to the collection of transcribed sources our chances of identifying even the difficult cases will improve. Sources covering the whole nation are especially valuable, since they allow identification by the method of elimination – it can be decided that there are no other candidates who matches. More powerful record linkage software and hardware as well as name standardization lists and procedures will also increase the success rate.
Name standardization

The creation of a longitudinal population register is realistic today with freely available record linkage software such as FRIL or FEBRL (Christen 2008) because the in principle non-changing source information (date and place of birth, date and place of death, gender, nationality and names have been encoded. All the names in the 1801, 1865, 1875 and 1900 censuses with nearly six million person entries have been standardized in cooperation with professor of Nordic languages Gulbrand Alhaug upon a dedicated grant from the Norwegian Research Council. The starting point was 71396 different first names, 125631 different last names and 87116 different place names after double names such as Mary Anne had been split into independent names. The size of all these name groups was inflated by the all sorts of “decorative” spelling variations, parentheses, quote signs and question marks to indicate uncertainty about the spelling of many names. For instance the female first name “Gjertrud” was spelt in 51 different ways in our transcribed versions of the 19th century censuses (Alhaug 2008). Part of the problem is that traditional handwriting styles make it difficult to distinguish such letters as “o” and “a”. There is also much redundancy between the three name groups since place names were increasingly used as last names during the 19th century and most people had patronymics constructed from male first names. The patronymic suffixes –sen and –datter for men and women respectively could be spelt in many ways, and after removing the suffixes 13856, patronymic last names could be standardized from the encoded list of first names. 
A. Graphemic level 

B. Phonemic level

C. Lexicographic level

Orthographic variants

Linguistic variants 

Caroles
5
Karoles
51
Karolus
391

Carolus
107
Karolus
340

Charolus
2





Karoles
46



Karolus
231





5 variants
391
2 variants
391
1 variant
391

Table 1: A three level model of name variants 


The most frequent name variant was used as the marker name after standardization, which was facilitated by the database having fields with frequencies and a list of in which censuses each name occurred. For instance the variant first name Velhelm was changed into the marker name Vilhelm since these occurred 69 and 4681 times in the censuses respectively. As illustrated in table 1, two types of standardization were performed: first removing orthographic variations represented by letters with the same linguistic value (Cathrine becomes Katrine) and second lexicographic standardization which eliminates linguistic variation between names such as Karolus and Karoles. Lexicographic name variants will be listed together in the name dictionaries even if linguistically different, and the bringing together of these variants in our name database has been formalized as fifty rules. Many of the rules specify the elimination or changing of vowels in unstressed syllables. All changes were documented by noting the relevant rule(s) applied to each name in the database. For instance “z!; nd>nn” means that Zimmermand was standardized to Simmermann. Thus, more than one rule could be applied to the same name. After standardization there were 9067 male first names, 10058 female first names and 16392 last names left, if we leave out names with special symbols such as question marks, names which only occur in one census and has frequency one as well as female patronymic last names which are nearly all variants of the male ones. (A few first names were used both by men and women.). The variation is, therefore, still significant and will disturb record linkage by not bringing together variations of the same name. Even at the lexicographic level 53 % of the 24885 different first names occurred only once in the sources, a surprisingly high proportion when we remember that the same persons could be represented two or three times in the 1865, 1875 and 1900 censuses. Therefore, it is necessary in the next step to use name comparison routines such as Levinstein in order to bring more name variants together during record linkage. 

The variation is bigger among the last names than among the first names, with more than 100 000 names on the graphemic level. Only a minority (21 %) of these last names were patronymic names, but patronymics were used by a vast majority (76 %) in the population. After removing farm names and other foreign names it turned out that a significant group of the non-patronymic last names were of foreign origin. These 8169 different surnames belonging to some 25 000 persons were classified by country of origin in order to function as a proxy for the missing birth place field in the 1801 census (Sogner and Thorvaldsen 2002).
Legal restrictions

Since not all potential users can be provided access to the whole data series due to legal restrictions after 1910, it will be necessary to subdivide the database into virtual registers covering separate parts of the two centuries. For the first part of the period, the whole 19th century and the first decade of the 20th, all or nearly all of the variables can be published in on line or off line databases via the Internet. Screening will here be applied only to especially sensitive information such as data on mental illness. Such information is available both in special illness fields in the census forms and in the combined de jure / de facto data on absentee persons who might be noted as being in mental hospital on census day (Thorvaldsen 2006). While this information will still be accessible in the original sources and even on microfilm copies it can easily be hidden in the online versions and only made electronically available to researchers who explicitly include such illnesses among their research questions. The rest of the historical data register up to and including the 1910 census will be made available to researchers and the general public alike.

The law of statistics prescribes that information about persons collected by the Norwegian state for statistical purposes may not be disclosed for non-statistical purposes until a century has passed. Thus, for instance genealogists may not use the 1920 census until 2020 and the part of the population register which builds on post 1910 census data may only be given to researchers who can document their bona fide intention to disclose no identifiable part of the data set. The censuses for the period until 1960 has been transferred from Statistics Norway to the National or Regional Archives, and it is standard procedure in the National Archives to grant access to researchers upon a vetting of their academic status and statistical intentions. There is a loop hole in the law of statistics, however, as it only applies to material collected by the state. This is why a transcribed version of the municipal 1912 census for Bergen has been available for a decade already. In addition, regulations are more lax for the parish registers than for the censuses, since these can be made public 80 years after their completion. Some researchers find this strange since the church books often contain information, for instance on the many illegitimate children, which might be more sensitive than the census data. Most of the Norwegian church records for the period up to 1930 are already available on line as scanned copies of the Mormon microfilm. 1930 as the final publication date for ministerial records has been set because of adoptions included in the baptismal records, but burial records might be made public for later periods. So far few 29th century church records have been transcribed into searchable formats. Since this is about to change, it is tempting to make the these records available while hiding the censuses for the early 20th century so that genealogists can help us with record linkage. The lack of census data will, however, lower the quality of the linked material. 
Wiki web techniques
Much of the NAPP census material is based on input from genealogists, particularly the 1880 to 1881 round of censuses for Canada, the US and Great Britain transcribed by the Church of Latter Day Saints. The population register project is extending the cooperation between genealogists and researchers into the field of record linkage. Depending on the quality of the source material, a varying proportion of the potential links can be made with automatic algorithms, while an additional percentage can be added by manually inspecting the sources and taking into consideration inexact data, complex family relations and complimentary information from other sources. Much skepticism can be expressed about such manual links, since they are difficult to document. With web based wiki technology the documentation problem becomes smaller because the same records can be linked on line by several genealogists, and each linking attempt will be stored in the wiki database. We may therefore decide to use only links which have been accepted by several people or links which have not been contested. Also, several tests can be run to test the internal consistency of the links and based on these procedures links of different quality may be flagged for future research use.

The world’s most popular wiki-based genealogical database is weRelate (werelate.org) which currently contains pages for more than two million people. Its popularity is to a large part based on its user friendly interface with much help information also in the shape of tutorial videos. On this site genealogists can build their ancestries from scratch on line or upload their ancestry tree from their local databases. WeRelate can import the Gedcom interface format which is used by genealogical PC software.  During these processes ancestries created by different users will intersect and links can be made both to other people’s ancestries and to the original sources. Because of imprecise information and many persons having identical names, duplicate entries are easily created in the database. The weRelate organization has worked hard to remove most of these duplicates, but this must be an ongoing process as more material is uploaded. To the degree that the web pages contain unique references to the original source material, it will be easier to detect and remove duplicate person pages and links. 

There is now only one instance of weRelate on the Internet and since it is run in Minnesota by Dallan Quass under sponsorship from Allen County Public Library and the Foundation for On-Line Genealogy most ancestries deal with Americans (Quass 2010). There are several foreign ancestries in the database, however, and there is in principle no state border criteria involved in uploading or linking the datasets, but foreign ancestries will have less in common with data already existing in weRelate. Also, searching, linking and other editing will be more efficient in a localized, national instance of the database, so therefore a Norwegian version of weRelate is being negotiated. This will run on a virtual university server in Norway with data stored in PostgreSQL and MediaWiki as the main platform. Partly linked data sets from the 1865, 1875, 1900 and 1910 censuses will be uploaded, together with community oriented databases based also on other types of source material. Genealogists and researchers will then be able to help each other build a more consistently linked database, for instance resolving the life cycles of difficult to trace persons who migrated across administrative borders. In this process the participation of users who can see these migrants both from the place of origin, destination and intermediate locations will be crucial. 
Since many nominative sources which originated after 1910 are blocked from public view, the most valuable help from genealogists will be limited to the previous period. The 20th century provides us with new possibilities, however, which can be used to enhance record linkage over long time periods significantly. The Central Population Registry (CPR) contains data about the vital events and migration of virtually the whole population in Norway since 1964, and due to its unique id numbers it is standard procedure to link to supplementary information in many other sources, for instance data on income, bank deposits, education attained in Norway etc. There are also links to the censuses from 1960 onwards, but due to the id numbers being introduced after the 1960 census was taken, there are missing links to this census for about 70 000 persons. A special publication documents aggregates based on the linked population in the1960, 1970 and 1980 censuses, for instance it is possible to see how many persons were married in 1960, divorced in 1970 and married again in 1980 (Vassenden 1986). The combination of the CPR, the censuses and other registries give researchers a vast range of data combinations well suited to answer a host of research questions for the last half century. Even if income and fortune data are not secret in Norway, but published on the Internet annually, the CPR and its linking to other sources can only be utilized by researchers undersigning that only statistical results which cannot be connected to identifiable individuals may be published.

When creating a historic population register, Statistics Norway has as its highest priority to extend the CPR back to the 1950 census. This would of course give us ten more years of longitudinal data, but it is of special value since it would add a parent generation to a large proportion of the families in the CPR so that three generation studies can be feasible. Unfortunately, the punch cards from the 1950 census are no longer available. We are currently investigating techniques to facilitate the digitizing of that census. Tests show that its very long forms can be scanned efficiently, and we are working with information science expertise investigating to what extent data entry can be automated. It is likely, however, that much manual transcription work will be involved in order to create a fully searchable and encoded version of the hand-written manuscripts from the 1950 census with 3.25 million persons - or for that matter the censuses from 1920, 1930 and 1946. So far only the 1920 census has been transcribed for a couple of municipalities. The post 1910 censuses have been given low priority by the archives since they cannot be used for non-quantitative purposes, and the limited access to digitized data has made the demography and social history of the early 20th century into an understudied period.

As an alternative we are currently planning how to link the CPR to the 1910 census. We know that 42 % of the 1910 population survived until the 1960 census and that 75 % of those born in 1910 are registered in the CPR. Since the CPR has been updated with some information from pre 1960 municipal population, it probably contains close to half of the persons enumerated in 1910. Tests show that about 90 % of the birth dates in the 1910 census are accurate, the figure being higher for the young part of the population which survived until 1960, and the birth dates have been thoroughly checked in the CPR. Some people with inaccurate birth dates can be identified because of unique name combinations, but the name traditions were in a flux in the early 20th century until the name law stabilized the situation, formally abolishing the patronymic system in 1923. Making the administrative structure of birth places in 1910 and post 1960 compatible will also be a challenge, but in sum it should be feasible to link more than 40 % of the Norwegian population from the early to the late 20th century and thus give researchers data to study quantitatively the rest of their lives and the destinies of their descendents. 
Migration

A primary rational behind the goal of building a national database is to handle migration inside Norway with internal pointers in the database. Migrants, whether they crossed administrative borders or not, can be traced by using the information about their names, birth places, age and even birth dates which are found in most of the sources. In order to handle international immigration and emigration, other methods must be used in order to approximately estimate the time they were part of the population at risk inside Norway’s borders. Since the registration of immigrants did not become efficient until World War I, it is methodologically fortunate that they were relatively few (about 70 000 by 1900) and quite a homogeneous group until the guest workers arrived in the 1960s. Immigrants did not exceed three percent until the 1980s. The vast majority before then was a group of some 50 000 Swedes, most of whom arrived during the last half of the 19th century, and the ethnic Fins, some of whom came from northern Sweden, but mostly from Finland during the 19th century. Nearly 4000 persons born in Denmark and nearly 3000 born in Finland  were represented in the 1900 census, the latter ethnic group tripled by second generation immigrants in 1900. Return emigration from America brought US born children back to Norway, and return emigrants born in Norway are listed in special forms in the 1910 and 1920 censuses. The other immigrants can be identified in the censuses and in the church books when they were involved in vital events, but we often lack information about when they first crossed the border and about intervals they spent back in their countries of origin. 

Quantitatively, emigration is a more serious issue for the historical population registry. After Ireland, Norway had the world’s most intensive export of people across the Atlantic during the late 19th and early 20th century. Traditionally, the official figure has been set at 800 000 emigrants to North America during the period of mass emigration, but recent research indicates that at least 50 000 more migrants overseas should be added. Few of the emigrants leaving before the Civil War were registered and the many who simply jumped ships while in US harbours were not included in official aggregates. The Migration Forum at the University of Stavanger is working to bring together the relevant source material. Most of the general emigration protocols kept in the main ports from the late 1860s onwards have been transcribed (cf table 2). A major problem has been that these often registered the latest place of residence rather than birth place, but this identification problem will grow smaller as we expand the longitudinal data register. In addition, local studies show that the embarkation lists can be complemented with emigrants noted as out-migrants in the church books, although some of these changed their mind before leaving the country.
A major group of sources with additional information about immigrants is the passenger lists from the period 1820 to 1959 kept in the US National Archive. These contain detailed nominative information organized by some one hundred immigration harbours in the US, from 1895 also including Canada. Ship captains were required by law to deliver lists of all his passengers to the customs and later on immigration authorities. The lists have been microfilmed, and there can be up to 6000 rolls for each harbour. Transcription from this unwieldy material is kept in databases by Ancestry, Castle Garden Clinton National Monument, The American Family Immigration History Center and others with altogether tens of millions of records. Especially in the lists turned in by ships crossing the Atlantic from harbours outside Norway, we expect to find many Norwegian immigrants who were not registered in our domestic emigration protocols, and for the period before the civil war, these are the main inventories of Norwegian emigrants. Spot tests reveal that there are more than one hundred thousand persons with the last name Andersen in these lists and since birth place data is not very specific it will be quite a challenge to cross-check the US immigration lists against the Norwegian emigration protocols. The same can be said about the muster rolls with information about the crews on Norwegian ships, where there are notes about those who jumped ships in foreign harbours. It is an unwieldy material, but with detailed and adequate information for identifying these illegal emigrants. To sum up: Most emigrants from Norway can be identified in the emigration protocols from the harbours they left, but there is an additional group in the size range of some ten percent which will require much time and effort.
	Region
	Harbour
	Period
	N emigrants

	South-east
	Oslo
	1871-1930
	283520

	South-east
	Small Oslo fiord harbours
	1903-1930
	11227

	South
	Kristiansand
	1873-1930
	78160

	West
	Stavanger
	1825-1970
	121806

	West
	Bergen
	1874-1930
	110228

	West
	Ålesund
	1878-1930
	15969

	West
	Kristiansund
	1882-1930
	13119

	North
	Trondheim
	1867-1930
	193230

	
	
	
	Sum       828514


	Return 
	Census 1910
	
	-19323

	emigrants
	Census 1920
	
	-49760


Table 2: Number of emigrants transcribed in the emigration protocols from Norway’s harbours and return emigrants according to the censuses..
ID numbers
In the integrated format of the NAPP censuses each household and each individual record is given a unique reference. The four digit sample number is given for both the household and the individual. Within the households each individual is numbered sequentially with a four digit number. A ten digit household serial number uniquely numbers the households sequentially within each census. These ID numbers provide no reference to the same households or individuals in other censuses, and are only indirectly connected to the reference system used in the censuses for each contributing country. For instance the Norwegian censuses are referenced with a hierarchical system based on person numbers, list numbers, ward numbers and municipality numbers. The changing administrative municipality and ward structure, differences between urban and rural numbering and the lack of a clear ward numbering in the 1865 census make this system incompatible across censuses inside one country and can make it difficult to find transcribed records in the original sources in order to secure transcription quality.
The revised id numbering system in the longitudinal historical population register must achieve two purposes. The first is to link each transcribed record uniquely to an entry in the original source material, the second is to identify individuals uniquely and consistently as they are referred to in different sources. The source reference is necessary in order to check the transcribed version against the original in cases when records about (supposedly) the same person in different sources conflict. However, the source reference also serves another end: when the source ids for two individuals with different person ids point to the same source entry, we know there are duplicate persons in the database which ought to be merged. On the geographic level an id number system for places is introduced: Each farm, cottar place and town house must  have its unique id number in a dynamic location database so that the domiciles of the population could be traced through the centuries. While the personal id numbers were introduced half a decade ago, domicile numbers were only introduced as a result of the 2001 census and due to the changing administrative borders over time a historic registry of places is a complex task.

Currently there are no stable url pointers into the nominative source material available via the Internet. This is the case both for records which have been transcribed and can be searched (the censuses and some church books), as well as for graphic material available as images, (mostly the large collection of church books from the seventeenth century to 1930). This will change during the next two years, first for the transcribed records. Stable source id numbers (KIDs) will identify each source entry (for instance a wedding or baptism), but also each persons involved will be uniquely identified so that we can distinguish between the child, mother and father in a baptism record. These person-source reference numbers (PKIDs) will not be based on the hierarchy of administrative units which is too unstable, but rather with a time stamp and reference to the institution making clear exactly when and where the revised, computerized reference was created. Creating similar references to the graphical images from the sources is quite straightforward, but in addition we are investigating how to reference each individual mentioned on the page in a unique way. This will be necessary in order to perform record linkage to information in the digital source versions even before these are transcribed into text versions, which is a useful function for genealogists. The source and person-source references will be used in the stable urls which will point to the web-based source editions.

In addition we need unique person ids (PIDs) analog to modern social security numbers which can be used as keys in order to bring together source records related to the same person. We have decided not to use personal characteristics such as birth place or birth date for the PIDs, since there are often inconsistencies between such information items in different sources. (In a local parish database where 2309 persons in the baptism lists were linked to the 1910 census, 479 had a diverging birth date, either because the date, the month or the year was wrong, so that the date could be off by up to 3653 days - although the modal value was one or two days.) The personal id number (PID) will instead be based on the first source-person reference (PKID) where a person is identified. Since at least two sources are involved, we have created priority rules for which of the source-person references will be chosen. These give first priority to the full count 1910 census over baptismal records. The next in the hierarchy may be the wedding lists, the burial lists, older censuses than 1910 and emigration lists. When linking between censuses, the newer is given priority over the older. The drawback of this system is that sometimes additional information found in a new source will prove that the link made previously is erroneous. In such cases the person’s id will be changed according to the hierarchy among the sources which can be linked consistently. References from the unique historical id numbers to the Central Population Register and the NAPP census versions will be maintained in separate relational database tables. 
User interfaces

The integrated census formats developed by the IPUMS and NAPP projects at the Minnesota Population Center has facilitated the use of census records so they became the basis for a large number of scholarly publications. It is even more challenging to make the more complex longitudinal records available in user friendly formats. User of the advanced longitudinal church records at the Demographic Database in Umeå know that the computer expertise there is much sought after when making data extracts tailored to specific research projects. The historical population register we build for Norway is now available in two major formats. For the local databases from Rendalen, Asker, Sula etc they exist as relational databases which can be handled by software in ordinary PCs and analyzed with these program or with statistical packages which can read the tables and queries from the database programs. The censuses which are linked pair-wise on the national level exist as flat files with pointers between linked records in the two censuses.


A more uniform and comprehensive solution is offered by the Intermediate Data Structure (IDS) developed by the Historical Sample of the Netherlands and the ICPSR (Alter et al 2009). This specifies a format which most kinds of longitudinal databases can be converted into while preserving all the variables, the interrelationships between individuals and the linked biography for each person. The IDS will also let us document the longitudinal data sets in more standardized and intelligible ways, so that the pitfalls inherent in these complex data sets will be easier to discover. The aim is that the intermediate structure’s rectangular data sets will be compatible with off the shelf statistical programs that are familiar to historians doing quantitative research, thus promoting comparative research utilizing several longitudinal databases. Since the intermediate structure is standardized, the extraction programs written to convert data for analysis will be reusable. 
Summary

The complete count 1865 and 1900 censuses for Norway are available as NAPP datasets together with a two percent sample of 1875 households complemented with an expanding number of oversamples. The complete count 1801 and 1910 censuses will follow suit in 2010. In parallel we are building upon these censuses in order to create retrospective longitudinal population registers on the local and national levels, because baptism, wedding and burial information from the church books can be added together with tax data, emigration lists etc. Norwegian historians, archivists and statisticians are thus standing on the shoulders of administrators who have created contemporary longitudinal population registers for more than a century, first on the local and during the last half century also on the national level. We are also indebted to experiences from the longitudinal databases based on the more continuous population registers that have been kept in Sweden and the Netherlands for centuries. The national population register will cover the period from the first nominative complete count census in 1801 until the current Central Population Registry was started in 1964. More in-depth local databases cover also the 18th and parts of the 17th centuries. With the help of existing name standardization tables, record linkage software and on line, wiki-based help from genealogists for periods with open sources, we can trace also the mobile population groups and those whose characteristics may be inconsistently noted in the source material. Presently, local and nationally linked datasets are available as relational databases and in flat file NAPP compatible file structures respectively, but we aim to transfer all data sets into the newly launched Intermediate Data Structure.
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Figure 1: Table structure in the Rendalen database. Source: Bull 2006.
