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1 Summary
Our “children per woman” indicator contains historic total fertility rate (TFR) data for 195 countries
in the world, for the 1800-2008 period within their current borders. The main source of the data is
the UN fertility dataset, which covers the period between 1950 and 2008. In addition, it has been
complemented with data collected from statistical sources and various published articles. For almost
all countries, the data now cover the period when fertility changed from high (e.g. 6 children per
woman) to low levels (e.g. 2 children). For less developed countries, the UN dataset was enough for
this, because the transition happened after 1950. For more developed countries, we could
successfully extend the dataset backwards in time, to establish the pre-transition level of fertility.
Based on this, we could also estimate the 1800 level of fertility for almost all countries.
The first release of the dataset was issued in 2009, followed by a revision in 2010. The two datasets
are named as Gapminder children per woman 2009 (in short, Gapminder 2009) and Gapminder
children per woman 2010 (in short Gapminder 2010) accordingly. The aim of the current document is
to combine the studies that have been prepared throughout the project into a single coherent piece
of documentation. The main changes in the 2010 release were that the estimates for the 19th century
fertility level have been re-considered, especially in case of countries where there is no statistical
information throughout the 19th century. In some cases, the estimates were deleted and in others
more data were added from country-specific or regional literature.
The dataset may be used freely, but users are warned that it contains both good quality observations
and rough estimates. However, it is easy to distinguish between them. Data quality is indicated in the
dataset in the field “qual.” for each record. Data with quality indicator 4-5 are estimates, and should
not be used for research. Quality 1-2 are taken from a statistical source, published article or book,
which is reliable in our view. Data quality 3 contains crude birth rates from a reliable source, but as
TFRs were not available in the source, the authors estimated TFRs using a simple re-scaling
conversion. You may also see the source of each data record in the dataset, cross-referenced to a list
of literature used.
We hope that this work is only the beginning, we would be happy to receive any comments or
suggestions for corrections. If you have additional fertility data please do not hesitate to them to
send us. We are aiming to process these and include them in a later release of the dataset.
If you have any comments, please contact us using the e-mail address provided on our contact page
on www.gapminder.org.
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2 Introduction
At the request of Gapminder Foundation we have compiled a historic Total Fertility Rate (TFR)1
dataset for 195 countries of the world. The purpose of this documentation is to explain the methods
applied in some detail. The report will aim to:






Explain the approach (some theoretical background)
Show the main sources of fertility data we have used
Explain estimation and extrapolation methods used in case of missing or limited data
Explain the structure of the dataset collected
Show research background and references

Appendices include data sources, examples and the data themselves in graphs by region.

3 Theoretical background
Demographic transition theory played a key role in our work, especially in the estimations and data
quality reviews. What do we mean by demographic transition? It is best illustrated with a chart
(Figure 1).
Figure 1

Source: http://cas.bellarmine.edu/tietjen/images/Human%20Population%20Growth.htm

The fertility level before the demographic transition is often referred to as natural fertility.
Demographers tend to believe that fertility levels before the demographic transition have fluctuated
1

The total fertility rate or TFR is the sum of age-specific fertility rates. It can be interpreted as the number of
children an “average woman” would have in the given population. In other words TFR gives the average
number of children that would be born to a woman over her lifetime if (1) she were to experience the
statistically observed yearly age-specific fertility rates through her lifetime, and (2) she were to survive from
birth through to the end of her reproductive life.
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around a high level, say, six children per mother, and it was not consciously controlled. There was a
balance because both fertility and mortality was high. In most countries mortality started to decline
first, and fertility was only adjusted later, and this delay often caused a large increase in population.
Figure 2

Source: http://cas.bellarmine.edu/tietjen/images/Human%20Population%20Growth.htm

Throughout the history of mankind, population growth has been very moderate, but the delayed
adjustment of fertility after the start of demographic transition has caused a massive population
increase. The dramatic population increase is one of the main reasons why so many demographers
have studied the demographic transition.
In our work we have mainly relied on the following sources:
The book of Chesnais (1992) was the second main source of data after UN. It includes a lot of useful
data and analysis of various forms of Fertility Transition around the world. Caldwell (2006) includes a
two page comprehensive table, which estimates the date of onset and speed of fertility decline in all
major regions of the world and includes data by country as well. The country coverage is broader
than in Chesnais, but the data are less exact. We have not used this table directly, because our
dataset is more detailed. However, the classification of the countries was very informative, and we
have implemented this in order to check our data. For example, Caldwell created a separate category
for “European Population Overseas” for countries like the US, Australia and Chile, where the fertility
transition started about as early as in Europe, while the decline in most non-European countries
started much later, after the 1950s.
Mitchell (1998) is probably the best book on historical statistics; it comes in three large volumes. It
included some fertility (crude birth rate) data, which overlapped with Chesnais (1992), but
sometimes complemented it. Dyson (1985) includes data about the onset of the fertility decline in
the World. Sardon (1996) provides the method and multiplier for converting Cole’s indexes to TFR.
7
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3.1 Theoretical issues
The main conclusion of our literature review work was that the assumption that preceding the
fertility transition, fertility was fluctuating around a high plateau is usually correct, but sometimes
incorrect. Our data and the model calculations show that pre-transition fertility was sometimes lower
than the traditional thinking along the lines of “natural fertility” would suggest. Historical
demographic studies show many examples from Asia and Africa of social controls, such as prolonged
breast feeding, abstinence and prohibition of widow remarriage, which kept fertility low, despite
marriage at a young age. Many of the countries that recently had very high fertility levels only had
moderately high fertility levels in the 19th century, due to the application of social controls.
This also means that back-projecting the level that we see in the 1950s may sometimes lead to
overstatement, because the 1950 level was a result of a pre-transition fertility increase.
Unfortunately, for about every second country in the world, we have no fertility data for the 19th
century.
Is there any way to estimate 19th century fertility with any scientific correctness? The first method we
applied was to search for more data backwards in time that lead us back to the true pre-transition
level. In the case of many countries this has been possible and we could estimate the fertility level for
1800 based on the early plateau that can be seen in the dataset. Sometimes it was also possible to
find expert estimates in the literature specifically for the pre-transition fertility level in a given
country, which we could apply in the dataset.
The third possible solution would be to create a regional typology based on historical demographic
studies, existing data and stable population estimates. The historical demographic studies help us to
understand the fertility system in a given region, using the example of a few villages. The stable
population model requires an estimate of mortality and population growth to give a point estimate
on TFR. The insights provided by the calculations can be combined with regional literature to create a
typology, giving an approximate range for 19th century fertility for all major regions of the world. This
would require a larger effort, which was out of scope for the current work.
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3.2 Regional levels of pre-transition fertility
In this section we briefly summarize the literature review regarding the pre-transition level of fertility
by region. In developing countries, it is often observed that modernisation had a positive effect on
fertility. Fertility at first increased and only after that did it start to decline (Nag, 1980). In brief,
modernization has both positive and negative effects on fertility. The positive effects are better
health and fecundity, lower mortality (for example, the lower incidence of widowhood in fertile ages)
and the disruption of the social norms that had previously kept fertility low, like decrease in lactation
period and post-partum abstinence. The negative effect is that with increased education and broader
social contacts birth control methods spread, causing marriage delay and a decline in marital fertility.
The time trend of fertility is determined by the balance of the positive and negative effects. In
Europe, the positive effects have only rarely become visible (e.g. in some regions of Transylvania
1900-1910 – Ajus 2009), but in Africa and Asia we often see a temporary fertility increase before the
decline (Nag, 1980). The examples of Nag include many countries from Latin America, the Caribbean
and Asia and Africa. 2
If we assume that a pre-transition fertility increase took place, then we have to modify the view of
demographic transition as shown in the following chart (Figure 3). If this figure applies to a country,
then it is difficult to tell what the pre-transition level of fertility was, unless we have data for that
period. It may be a mistake then to assume that the high fertility level that we see around 1950 can
be extrapolated backwards even to the 19th century. For this reason we have reviewed all estimates
for the 19th century, which assumed TFR of 7 or higher, provided that the estimate was only based on
extrapolation from 20th century data. The review involved a literature review (see in the current
section and appendix 9) and reasonableness test (see in the appendix 10) and the necessary
corrections have been made in the Gapminder 2010 edition, mainly by dropping those estimates for
which we could not find enough support.
Figure 3

3.2.1 Islamic fertility
Many of the countries for which high 19th century fertility had been assumed in the Gapminder 2009
dataset are Arab and/or Islamic countries. We have reviewed some articles regarding fertility in the
Arab world. Demographers often associate the Islamic countries with higher fertility; because this
region was late in the demographic transition and in some cases fertility remained high despite
growing levels of income. This is sometimes attributed to cultural norms in the Islamic world, which
2

Additional reference: Dyson, T., and M. Murphy. 1986. Rising fertility in developing countries. In R. Woods and
P. Rees (Eds.), Population structures and models: Developments in spatial demography. Boston,
Massachusetts, USA, and London, England: George Allen and Unwin, pp. 68-94.
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supposedly suggest higher family size and stronger resistance to modernization and change. Muslim
society has for a long time “vigorously resisted fertility decline, largely as a result of the roles played
by women's status and family structure” (Fargues 1989). Some recent articles aim to expel these
myths (Eltigani 2005). Rashad (2000) agrees that the Arab countries had the highest level of pretransition fertility in the world, but in his view this was not due to a special religious preference.
Instead, the high pre-transition fertility was due to the absence of non parity-specific factors (i.e.
social controls, like post-partum abstinence and long lactation, or late marriage). But in his view this
does not prove that fertility aspirations were inherently higher. A closer examination reveals large
differences between countries, which can be linked to economic circumstances rather than religion.
On the whole, the demographic transition in the Arab countries was similar to that of other
developing countries.
Interestingly, however, the debate only concerns the impact of Islam on fertility decline and there
seems to be little doubt that pre-transition fertility was very high. According to Fargues (1989, pg
151) “the data are not sufficient for a proper comparison of the recent past in these countries.
However, it seems probable that around 1960 total fertility was of the order of 7 to 8 children per
woman in all of them (except Lebanon).” And Rashad (2000) also agrees with the notion of high pretransition fertility. However, from these studies it seems that none of the authors could rely on any
specific statistical information or survey for the pre-1950 period.
However, both my calculations (based on population growth and likely level of mortality) and the
generalization from the Nag (1980) study make it likely that fertility at the 7-8 level was only
temporary and that for earlier periods a lower estimate is more appropriate.
3.2.2 Sub-Saharan Africa
My view that very high fertility may not be assumed for a longer period gets much more support in
the case of the Sub-Saharan countries. A very interesting study by Garenne, sponsored by US Aid and
the French Institute of Research for Development (IRD), reviews the fertility history of the region
country by country (Garenne, 2008).
The graphs in Garenne’s study show that in many cases there was a pre-transition fertility increase.
Fertility in the first half of 20th century was probably lower, because of the high incidence of
infecundity due to disease. To follow are two graphs taken from Garenne’s (2008) study, which show
the general tendency, but the study also includes estimates by country (Figure 4 and Figure 5).
Sarah Walters (2008) reached similar conclusions in her study about the population history of
Tanzania.
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Figure 4 Overall fertility pattern observed in Sub-Saharan Africa (source: Garenne 2008, pg 5)

Figure 5 Overall fertility pattern observed in Sub-Saharan Africa (source: Garenne 2008, pg 11)
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“Reconstructed trends in period fertility for the 31 countries in sub-Saharan Africa indicate a rise
from a TFR of 5.3 children per woman in 1950 to 6.2 children in 1980, followed by a decline to 4.9
children in 2000.” (Garenne 2008 pg 18.)
3.2.3 Small Islands
There is an argument that fertility on small islands was also limited in the past by the amount of food
the dwellers could produce. Islanders probably had relatively high life expectancy, as they had
limited outside contacts and this reduced the incidence of epidemics. They probably controlled
fertility in some traditional ways to limit population increase. For example, Pirie argues that “it has
been observed repeatedly that densities in the Pacific islands never seemed to rise to the levels at
which their carrying capacities were strained” (Pirie 2000 p 13). For this reason he argues that it is a
myth that the recently achieved high fertility levels (TFR being around 7) were also sustainable in the
past. In his view, pre-transition fertility was certainly lower. Although little is known about the exact
level of pre-transition fertility, a 1950 anthropological study in Papua New Guinea indicates that the
completed fertility was about 3.5 children per mother, due to social controls. Pirie believes that the
situation in the Pacific Islands had probably been similar; he quotes the examples of Nukuoro and
Eauripik, two islands in Micronesia, for which data exist over a longer period. (Please note that 3.5
completed fertility is not that low, the corresponding TFR can still be 4 – 7, depending on the level of
infant and child mortality).
3.2.4 Caribbean
Our literature review regarding the Caribbean indicates that slave fertility was probably lower at the
beginning of the slave trade era, improving gradually towards the end of the era. This is explained by
improved living conditions for slaves and perhaps also fewer instances of physical separation of
spouses. For this reason we may expect rising fertility in Caribbean countries during the end of
19th/beginning of 20th centuries, when 70-80% of the population were often slaves (Higmann, 1995;
Engerman, 1997).
3.2.5 Land availability and fertility
There is a well known connection between fertility and land availability. For example high fertility has
been observed in the US and Canada in frontier states, where land was abundant (Haines & Steckel
1997). On these grounds we have found the high 19th century estimate for Ukraine reasonable, for
example.

4 The explanation of the Gapminder fertility dataset
4.1 Data quality
The aim of the project was to collect a dataset that may be used to show the transition from high to
low fertility in an interactive moving graph. This objective was achieved reasonably well, mainly using
reliable sources, but partly also using estimates. The general tendency of demographic transition has
been captured in a way that is in line with the current knowledge in historical demography (see also
Caldwell, 2006 and Chesnais, 1992).
The data collection was guided by the principle that estimates should be avoided if at all possible and
that looking for more data is preferable to searching for an estimation model. This approach builds
on the knowledge what we have about fertility transition: as the explanations for fertility transition
12
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and pre-transition fertility levels are controversial, we do not have a model that would predict
fertility with reasonable accuracy from other data. The transition from high to low fertility was
usually quick; it occurred within a few decades. If the period of transition is not covered with data,
then it is very difficult to make good estimates. However, pre-transition fertility (or in Henry’s terms
“natural fertility”) was more stable and a few data points should be enough to be able to make a
rough estimate.
Luckily, most of the time data availability coincides with modernization and modernization coincides
with fertility transition. This means that with some exceptions, we have data for the period of fertility
transition and we only have problems before that, which causes less inaccuracy because “natural
fertility” is less volatile.
Keeping this in mind, during the second stage of data collection we identified and focused on those
countries where the fertility transition started before 1950 (not being covered by UN data),.
Limitation 1: We know little about the level of “natural fertility”
While the data are suitable for showing the general tendencies of the transition from high to low
fertility, the fluctuation and level of pre-transition fertility remain unknown for most countries and
were out of scope for this project.
Limitation 2: The use of estimates
This dataset also includes some estimates, as explained in paragraph 4.3. Therefore, it should only be
used for research after filtering out the estimates, that is, all the data with quality indicators 4 and 5.
In addition, data rows with quality indicator 3 contain only rough estimates for TFR. It is therefore
more advisable to use the original CBR values instead in this case. The following table explains the
possible values of the data quality indicator:
Table 0

Quality
indicator

Explanation

Suitable for research
purposes?

1

Very good: TFR data taken from statistical source or
published article

Yes

2

Good: mainly used for the UN data (1950-2008), which
includes some estimates

Yes

3

Medium: crude birth rates (or Princeton If indexes) were
taken from statistical source or published article, but TFR was
estimated by the author (using a simple conversion)

Yes

4

Slightly uncertain: no country-wide data were available, but a
published estimate was found. This estimate is usually based
on historical demographic research for a smaller area.

No

5

Uncertain: estimate (or guess) by Gapminder

No

This means that only TFR data with quality 1-2 and crude rates with quality 1-3 may be used for
research. We recommend that researchers who may wish to use this dataset filter out the values
with 4-5 data quality indicators.
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When we assessed data quality, in most cases we assumed that data from published sources are
reliable and awarded quality indicator 1-3 without undertaking detailed source critique. The time
series for a single country are often assembled from several sources. In some cases there was a
contradiction between sources, which we had to clarify. In addition, the early statistics of some
countries may be unreliable and may understate fertility. This issue is covered in the data review
sections (6.4 and 6.5) in the appendix.
Figure 6 Charts showing data quality

Count of data lines by quality and by year
2000
1800
1600
1400
1200
1000
800
600
400
200
0

qualitiy 5
qualitiy 4
qualitiy 3
qualitiy 2
qualitiy 1
1800-1849

1850-1899

1900-1949

Share of pre-1950 data by quality
(1 best, 5 worst)
qualitiy 5
9%
qualitiy 4
3%
qualitiy 1
32%
qualitiy 3
54%

qualitiy 2
2%

As our readers may have expected, we have many more observations as we approach the present
time and the data quality is also improving. The second chart shows that only 12% of our data are
estimates, all the rest comes from a statistical source or the literature.
It may also be seen that more than half of the TFR values have been converted from CBR. The reason
for this is that for many countries, until very recently, the official statistics do not contain enough
information to calculate TFR, because the age of mothers at birth is not available. The method of
converting CBR to TFR is only a crude one, called “empirical conversion”, and is nothing more than a
mere re-scaling, as explained in section 4.3.
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4.2 Sources and results of data collection
Between 2008 and 1950, the UN fertility dataset was used. Our work mainly concerned finding data
sources before 1950, with a special focus on those countries where the transition started earlier than
that. The following table shows the number of records collected by main sources:
Table 1. Count of records (observations) in the dataset by source

Sources of records
UN dataset (2008)
Own collection
Total data rows

TOTAL
11166
3722
14888

“Own collection” in more detail:
Chesnais (1992)
Mitchell (1998)
Rothenmbacher (2002)
Collver (1965)
Wojtun (1983)
Sardon (1991)
Statistical office
Own estimates
Other published literature
Total data rows, own coll.

675
280
286
79
98
101
1281
290
632
3722

Sources of data collected by
Gapminder

Other
published
literature
17%

Chesnais
(1992)
18%
Mitchell
(1998)
7%

Own
estimates
8%
Rothenmba
cher (2002)
8%
Statistical
office
34%

Collver
(1965)
2%
Wojtun
(1983)
Sardon 3%
(1991)
3%

The “other” category includes the following:







books about Historic Fertility and fertility transition
search for articles about individual countries
dataset provided by Tomas Sobotka
data provided by Patrick Gerland
Princeton European Fertility Project (If indexes were converted)
results of data quality reviews

The full list of sources can be found in the dataset on sheet “Sources” and also in the reference list at
the end of this document. The data collected may also be shown by region. We have used a
demographically meaningful regionalization, as it was proposed by Caldwell (2006).
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Figure 7

Count of observations (data rows) by region
1800
1600
1400
1200
1000
800
600
400

200
0

As you may observe on the graph, much more data were available for the more developed countries.
We know a lot about the past of European and Asian populations and about some of the formal
colonies, which were mainly populated by Europeans, but we know very little about the population
history of the rest of the world.
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4.3 Estimation and extrapolation methods used
The main challenge was to estimate the TFR values for 1800. This is the starting point of interpolation
for the software, but for most countries we had no data so far back in time. We used a variety of
methods described below to extend the data to before 1950.
4.3.1 TFR estimates from Princeton fertility indexes
Researchers within the framework of the European Fertility Project have used Princeton fertility
indexes (If). These indexes compare the fertility of a given region with the fertility of the Hutterites, a
population where no birth control was exercised due to religious reasons. The data have been
published and they cover Europe on a county level, providing 4 observations between 1880 and
1940. These data can be converted to TFR with some accuracy because they include some
information about age distribution. For example, we know the TFR of the Hutterites and we know
that If = 0.6 means that fertility is 60% of the Hutterites. TFR can be determined from this. Sardon
(1996) suggests 12.44 as a conversion key. We have applied this conversion to fill the data gap for a
few European countries, like the Baltic countries and former Yugoslav states.3
4.3.2 TFR estimates from Crude Birth Rates
Age-specific birth rates are often unavailable from before 1950. In many of these cases we could
estimate TFR from the crude birth rates. Here we used the method suggested by Bogue (1993). This
textbook includes an empirical table of equivalent values between four different fertility measures.
Among others, this includes conversion rates between Crude Birth Rate (CBR) and Total Fertility
Rates (TFR). This empirical conversion was based on regression using UN data. The conversion is
relatively exact, as the correlation is 0.989 between CBR and TFR. We did not use this table directly,
but instead we have implemented the same regression method on our dataset. If possible, the
conversion rate was determined by country using this method, but when there were not sufficient
TFR data, we have applied a general conversion factor calculated from the UN dataset.
(TFR=0.134*CBR)

3

The Princeton dataset is available on-line at: http://opr.princeton.edu/archive/pefp/.
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The following table gives the conversion rates for all countries, where a country-specific conversion
was applied.
Table 2

Slope (conversion rate between crude birth rate
and TFR) calculated for individual countries
Austria
Belgium
Denmark
France

0.1381
0.1461
0.1350
0.1500

Germany
Hungary

0.1346

Japan

0.1478
0.1460
0.1439

Netherlands
Norway
Portugal
Spain

Sweden
Tunisia
United Kingdom
United States

0.1220

0.1300

0.1323
0.1418
0.1490
0.1358
0.1193

In all cases where TFR was calculated from crude rates, both were included in the dataset in separate
columns. As the conversion is only approximately correct, we have lowered data quality to “3” in
these cases.
The conversion factor is shown in the column “Conversion key” in the dataset when it differs from
the general one (0.134).
4.3.3 Extrapolating the 1950-1955 TFR backwards
When none of the above were possible we sometimes assumed that the fertility observed in 1950
was natural, since the countries in question seemed to have passed their fertility transition after this
year. Hence we assumed the same TFR in 1800 as in 1950. Accordingly, for some countries where the
TFR was still high (above 5.5) in 1950, we attempted to find the level of natural fertility based on the
data that we have. This involved calculating the average of the years 1950-55, or if there were earlier
data, trying to find a “plateau” around which the data tend to fluctuate. Essentially, we assumed that
the 1950-55 level of fertility is natural fertility and that fertility was similar in 1800.
In cases of countries where we had no data between 1800 and 1925, we repeated the 1800 estimate
for 1925. This was done to show that we assume high natural fertility for the whole period. This was
also needed to avoid a situation where data are automatically extrapolated between a high point in
1800 and a lower point in 1950. While the assumption of high natural fertility in general for these
countries is in line with the literature, the year 1925 was selected in an arbitrary way, with this
technical purpose in mind.
4.3.4 Utilising additional sources to estimate “natural fertility”
For many countries, the UN data from 1950 were not enough, since the fertility transition started
earlier than 1950 in these countries. In most of these cases, efforts to cover fertility transition with at
least some data were successful. Two different methods were used.
18
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Firstly, in most cases we could find additional data for the earlier years and were able to look for a
“plateau” in the data to identify the pre-transition fertility level. We have used this level as an
estimate for fertility in 1800.
Secondly, for some countries we found an expert estimate of “natural fertility” in the literature, or
some article which enabled us to estimate the pre-transition level of TFR. For example, Vishnevskij
(2006) includes specific estimates for pre-transition TFR in ex-USSR countries; while Saito (2006)
includes information on fertility level in two provinces of India, from which we could estimate the
rough level of TFR for India as a whole.
4.3.5 Using regional averages or neighbouring countries
When none of the above was possible, we applied regional averages, or data from neighboring
countries.
The full list of these countries is shown in Table 3. In case of a few other countries we had to make
our estimates based on 1-3 observations, looking at the regional data at the same time. These are
shown in Table 4. 4

4

Tables 3 and 4 contain all the exceptions. The estimate for the rest of the countries is more reliable, as they
either had their transition during the period covered by UN data, or we could find 6 or more observations
before 1950.
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Table 3.

Countries where the initial phase of the decline is not covered with data
Estimates for 1800 were either (1) based on regional average plus a random factor, or (2)
based on data of neighboring country.
Besides the UN,
how many
observations we
had

Estimated
TFR (1800)

UN first
TFR
(1950)

Central African Republic

1

6.508

5.4

Gabon

2

6.500

4.1

Gambia, The

1

6.512

5.4

Sierra Leone

1

6.518

5.5

Hong Kong, China

1

5.47

4.5

Macao, China

2

5.51

5.3

Bahamas, The

2

5.90

4.0

Grenada

1

5.81

5.2

St. Lucia

2

5.53

5.3

Guam

1

6.37

5.4

New Caledonia

1

6.41

5.1

Reunion

1

6.51

5.5

Country

French Guiana
1
6.27
5.1
The criteria used to select these countries: TFR in 1950< 5.5 and the count of observations
without UN are less than 3.
Table 4

Countries where the initial phase of the decline is scarcely covered with data
Estimates for 1800 were based on the few existing country observations before 1950,
using regional comparisons as well.
Besides the UN,
how many
observations we
had

Estimated
TFR (1800)

UN first
TFR
(1950)

Channel Islands

3

5.07

2.1

Montenegro

5

5.90

3.5

Slovenia

5

4.93

3.1

Bosnia and Herzegovina

5

5.91

5.1

Moldova

4

6.39

3.5

Belarus

4

7.00

3.4

Georgia

4

7.80

3.1

Kazakhstan

3

6.58

5.0

Kyrgyz Republic

3

6.60

4.3

Country

Ukraine
4
7.50
2.7
The criteria used to select these countries: TFR 1950< 5.5 and count of observations without
UN are less than 6 but more than 2.

20

Documentation of Gapminder fertility dataset, 2010

4.3.6 Extrapolation not possible
In some countries, fertility was very high in the 1950s and the assumption that the
same fertility level prevailed for a long time (1800-1950) became unrealistic. We
have carried out a formal reasonableness test to check the countries where TFR
would have been above 7 in 1800 had we used extrapolated values. We excluded the
observations before 1950 for the countries which failed the reasonableness test (see
Appendix 10), and for which no other method was available.5

4.4 The structure of the dataset
We have followed the structure of the existing Gapminder life expectancy dataset. Please look at
sheet “DATA” and “Sources”.
Rows: In the sheet DATA, rows are yearly observations, or estimates. The statistics about the count of
rows (or records) in the dataset are shown in Table 1.
Columns: “Crude birth rate column (CBR)”: we show both crude birth rate and TFR in cases where
TFR was converted by us using a rate. In other cases we usually do not fill the CBR column. There is a
quality indicator from 1-5. The conversion key is shown in each line where a conversion from CBR to
TFR was applied. The note and remark fields were used to show observation-specific comments, like
basis of estimation, information about sources or secondary sources, reference years (e.g. when the
source refers to a five year interval).
Sheets: We use a separate sheet to name major sources, and then cross-reference that to the list
(“Chesnais” means that in Chesnais’ (1992) book there was a crude rate, which we have used to
estimate the TFR). In addition, a web page address is entered directly into the DATA sheet if possible.

5

These observations were originally included in the Gapminder 2009 dataset.
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5 Data quality review and corrections
The purpose of the data quality review was to check the 2009 release of the Gapminder fertility
dataset, with a view to improving data quality. When the Gapminder 2009 dataset was compiled,
there was little possibility for source critique and in some cases the series broke when there was a
new data source. For example, fertility in the 19th century is sometimes low in the statistics because
the early censuses and vital registrations had large omissions. Only a more detailed examination
could reveal the reasons behind these strange trends in the dataset.
We have therefore reviewed a number of countries in more detail where the data seemed to be
inconsistent or incorrect. We have prepared a priority list, containing a number of countries that
were due for (1) country reviews and (2) reasonableness testing.
Country reviews: those countries were selected where the Gapminder 2009 dataset shows a strange
or unusual trend, or there is a gap in the data. The potential availability of additional information for
the given country was also considered in the prioritisation. Four countries have been selected for a
detailed country review. Twenty-two countries were selected for data cleaning.
For reasonableness testing we have selected a number of countries that had very limited fertility data
in Gapminder 2009 before 1950 and the 1800 level of fertility was estimated to be above 7 children
per woman (TFR). The purpose of our test was to see if it was a realistic assumption or not to
attribute sustained high fertility levels to these countries throughout the 19th century. The
reasonableness testing is done using stable population theory, with the Gapminder population and
life expectancy data as an input.
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5.1 Background studies prepared
The work has been summarized in a number of background studies, which are shown in the
subsequent chapters.
The results of the larger country reviews are shown in chapters 6, 7 and 8. The results of the smaller
country reviews (“data cleaning”) are shown in chapter 9. The results of the reasonableness testing
are shown in chapter 10. The literature quoted in the data cleaning and reasonableness testing
sections has been merged with the literature of the other sections above and shown together in
chapter 11.
The background studies were successful in finding the causes for suspected problems in the dataset
and for some regions (the Caribbean, Latin America, Oceania), valuable additional data were found
and processed. There is a considerable amount of regional literature about fertility and in the
selected areas and countries we have had an opportunity to review this as well.
We have done reasonableness testing for all countries where the 1800 TFR estimate was 7 or above
and if the test indicated a problem, we have deleted the estimates for the given country.

5.2 Call for comments and additional data
We hope that this work is only the beginning and we would be happy to receive any comments or
suggestions for corrections. If you have additional fertility data, please do not hesitate to send them
to us. We are aiming to process these and include them in a later release of the dataset.
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6 Understatement of fertility in official statistics in Sri Lanka and
Singapore – a critical review of sources
In this study we are selecting two countries, Singapore and Sri Lanka, where we see a strange trend
in the previously published data: early fertility is very low. We have investigated a broader set of
fertility literature to try and find the reason behind this and implemented some corrections in the
Gapminder 2010 dataset accordingly, as detailed in the rest of this chapter.

6.1 Some basic points about the demography of the region
The pre-transition fertility level of some Asian countries was “moderate”, less than 40 per 1,000.
Examples are China, Sri Lanka, Hong Kong and Japan. (Saito, 2006) This phenomenon is related to
social practices in the region, such as prolonged breast-feeding, female infanticide, “semi-delayed
marriage”. Indirect fertility control methods also included prohibition of widow remarriage and
sexual abstinence during certain periods. (Chesnais, 1992, p. 107.)
According to the world fertility survey, Sri Lanka had a relatively long period of breast-feeding, the
mean duration being 21 months (Dyson and Murphy, 1985). There are indications that in addition to
breast-feeding, poverty and malnutrition may have contributed to low pre-transition fertility in Sri
Lanka (Puvanarajan, 2002).
Fertility in developing countries has generally increased before it declined. As living conditions
started to improve, some social controls on fertility were relaxed, while individual controls started to
gain strength a bit later (Dyson and Murphy, 1985; Saito, 2006). However, this increase is usually
short-lived because we see a sharp decline in fertility as economic modernization continues.
In South and Southeast Asia, fertility decline typically started in the 1960s. In most countries the
decline was very rapid, about twice as fast as it had been in Europe about a hundred years earlier.
Caldwell’s study (2006) measures the speed of fertility decline by estimating the time that was
required for an additional 30% drop in fertility after the onset (first 10% drop). According to
Caldwell’s results, the same level of decline that took 30 years in England and Belgium was achieved
in 20 years in Sri Lanka and 5 years in Singapore.
It is very clear that the main reason behind the speedy decline is the availability and quick adoption
of contraceptives and consequently the reduction in marital fertility. A hundred years earlier in
Europe, the cost of fertility regulation in a broad sense was much higher, partly because of the lack of
contraceptive technology and partly because of moral barriers.
However, the second line of reasoning is less clear. What was the main reason behind the quick
adoption of contraceptives? There is agreement in the literature regarding the main factors, but so
far it has not been possible to sort out their relative importance convincingly (Hirschman, 2001).
Some authors believe that government intervention had a dominant role and family planning
programs were very successful in achieving their anti-natalist aims. Some others believe that rapid
economic and social developments altered the cost of childbearing and there was a demand for
family planning services that these programs filled well, but their importance was only secondary.
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A number of characteristics specific to the region contributed to the speed and nature of the decline,
in addition to the basic debate about the role of family-planning. Women have a relatively high
status in Southeast Asia compared to other parts of Asia, their kinship network is more developed
and equal importance is attached to the husband’s and the wife’s families (Hirschman, 2001). On the
other hand, government intervention into family life is more readily accepted in Asia than in Europe,
due to cultural reasons. There has been no opposition to family planning from Confucianism,
Hinduism or Buddhism (Caldwell, 2006). The family planning programs could therefore include some
quite drastic measures. For example, the Singaporean family planning program financially subsidized
the sterilization of women who were less educated, while promoting the increase of fertility among
female graduates (Thang, 2005).
In the literature about fertility transition both Sri Lanka and Singapore tend to appear as peculiar and
unique examples. Sri Lanka has one of the lowest fertility rates among the poor countries of the
world. Singapore, on the other hand was characterized by rapid modernization and very determined
government intervention into fertility decisions at the same time. Albeit in a very different way, both
examples suggest that family planning programs had secondary importance, while economic and
social changes had a primary role in fertility decline.
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6.2 Sri Lanka
6.2.1 Literature review - Sri Lanka
Sri Lanka produced an example of an early fertility decline in the absence of substantial
modernization. The country is quoted as an example that government programs and advancement in
schooling may trigger a fertility decline despite low economic development (Rammohan, 2004). Sri
Lanka also stands out within Asia with its “marriage revolution”. Like in Western Europe, the fertility
decline started with the postponement of marriage (Caldwell, 1989). In other words, Sri Lanka is an
eastern example of John Hajnal’s “Western European marriage pattern”.
Yapa and Siddhisena (1998) carried out a regional analysis of the relationship between contraceptive
use and fertility decline in the 1980s in Sri Lanka. Although it confirms the primary importance of
contraception, within that they stress the importance of traditional methods, while modern
temporary methods (like pills and condoms) play only a minor role. While 58% of the respondents
have used some sort of contraception method, 29.4% use sterilization and 19.2% traditional
methods. Only 9.4% of respondents mentioned the use modern temporary methods - mainly young
people in their 20s. This gives an indication that in the initial phase of the fertility decline, traditional
methods may have been more important than new methods promoted by fertility planning
programs.
There is one ethnic group, which showed a quite peculiar fertility development compared to other
groups: the Indian Tamils. Puvanarajan, P. (2002) shows that the crude birth rate of Indian Tamils
declined very early. It dropped from 41.2 to 33.0 between 1945 and 1953, while the fertility of other
social groups increased and remained very low until the 1970s. Puvanarajan puts this down to
extreme poverty and malnutrition.
The fertility decline in Sri Lanka could initially be an economic reaction to poverty, using traditional
methods and marriage postponement, while later the government played an increasing role
especially through progressing the education of women, which made contraception more acceptable
and contributed to the increased use of modern contraceptive methods.
6.2.2 Crude fertility data in Sri Lanka
Birth registration in Sri Lanka started in colonial times, in 1867, but until the turn of the century it
was unreliable. According to Fernando, the first introduction of birth registration was a failure due to
low levels of literacy, communication problems and resistance due to cultural factors (Fernando,
1981). A UN Sri Lanka Study (1986) publication includes crude rates from 1871 for five yearly periods
and it also states that crude birth rates before the turn of the century are “in all probability”
underestimated. A more recent publication by Langford (2001) includes data for the period after
1900. From 1936, crude rates were available from the web site of the Statistical Office of Sri Lanka.
As a first step we have used several sources to check the Gapminder 2009 dataset crude rate data.
We have plotted the following:



Crude birth rates from UN Sri Lanka Study(1986) five yearly averages
From 1936, official statistics (Sri Lanka Sat. Office)

The comparison is shown in Figure 8.
26

Documentation of Gapminder fertility dataset, 2010
Figure 8

Fertility in Sri Lanka - comparison of CBR data from different sources
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The graph indicates that the data published match the new sources reasonably well. There are two
problems:
1. Now we know that the pre-1900 data underestimate fertility, we should try to find the
omission rate and adjust the data accordingly.
2. The Gapminder 2009 dataset shows a slight deviation in 1950-52, which is likely to be an
error in the UN data. These years should be adjusted upwards in my view. We have adopted
the figures from the official statistics instead of the smoothed UN data.
Regarding the first point, luckily, in the UN Sri Lanka Study we have found some additional data that
help to estimate the degree of under-registration. Firstly, the document suggests CBR=38 as an
estimate for the years before 1900 (UN 1968, page 19). Secondly, the same source suggests that
child-woman ratios from three censuses may be used to estimate the level of fertility more correctly,
despite the high degree of omission in the vital statistics.
We have used the child-woman ratios (CWR) from the three censuses to find out the degree of
omission and to adjust our data. Essentially, the level of fertility is estimated from censuses, but the
fluctuation is taken by transferring the vital statistics. The data are adjusted in the following steps:
1. For census years (1881, 1891, 1901), we take child-woman ratios from censuses, and convert
them to CBR. The conversion is based on empirical conversion factors published by Bogue
(1993). Bogue suggests an empirical conversion which is based on the regression of fertility
indicators of 152 nations for 1985 on a UN database. As the various fertility indicators are
highly correlated (r=0.979 between CWR and CBR), the conversion is possible despite the
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2.

3.
4.

5.
6.

conceptual difference between the measures. Bogue calculated the regression coefficients
between CWR and CBR and published the result. We use this result in Table 5.
Next, we need to estimate the degree of omission. We calculate correction factors for the
census years, dividing the estimate based on census (CBR II) by the fertility rates in vital
statistics (CBR). These factors are used to correct for the known omission in the vital
statistics.
We have calculated corrected TFR values from the original data using these correction
factors.
As the correction factors are roughly in a line, we may assume that the rate of underregistration follows a linear trend (it was gradually improving). We have calculated yearly
correction factors using linear interpolation between 1881 and 1901 and extrapolation until
1904, when the correction factor became nearly one.
Between census years we have re-scaled the fertility rates (both TFR and CBR) using the
correction factors.
Before 1881 we did not try to adjust the data, but assumed a constant rate, being equal with
the 1881 figure. The reason for this is that we do not have any firm basis on which to adjust
the data and the vital statistics were probably very unreliable before 1881.

Table 5

Estimate for rate of omission, using Child-Woman ratios
CWR-CBR Regression coefficients from Bogue, pg 11.51
slope
coefficient
intercept
b=
a=
0.05711
-1.89875
Time of census

t
calculation

ChildConverted to CBR Original Correction Original
Corrected
woman ratio using the above
factor
regression
estimate
coefficients
CWR(t)
II.CBR
CBR
conv(t)
TFR
II. TFR
=a+CWR(t)*b
II.CBR /CBR
TFR(t)*conv(t)
1881
776
42.4
27.1
1.57
3.63
5.68
1891
761
41.6
32.0
1.30
4.29
5.57
1901
749
40.9
37.5
1.09
5.03
5.48

The result is shown graphically in Figure 9.
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Figure 9

Fertility in Sri Lanka - CBR after adjustment for underregistration
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6.2.3 TFR data in Sri Lanka
When turning to TFR, there is a second problem: in 1950 there is a jump in TFR, despite the
continuity in CBR. This is due to a different conversion factor (UN around 0.15, Gapminder 2009:
0.134). This can be corrected by calculating a country-specific conversion rate from the UN data
instead of the general one that we used in the Gapminder 2009 dataset.
The country-specific conversion rate using regression with 0 intercept from UN data for 20 years
between 1950-1969 is 0.152. This is illustrated in Figure 10. (We have taken 20 years as a subjective
decision, trying to limit distance in time, while keeping enough observations from which to estimate.)
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Figure 10

Calculation of country-specific conversion rate
(CBR-TFR)
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We apply the country-specific conversion rate (0.152 instead of 0.134) between 1906 and 19506. This
moves the TFR curve 13% higher for this period.
Finally, a small correction is needed between 1950-52, when the UN data show crude birth rates that
differ from the official statistics. Looking at the trend, we think that this must be a mistake. So for
these three years we replace the UN data with official statistics, also converted with the countryspecific rate. This makes the transition between our data and the UN data quite smooth (Figure 11).

6

In the Gapminder 2009 dataset, the “old” conversion rate was also used for years before 1905, but the
calculation of the first adjustment above was such that it already corrected the problem. (The correction factor
was calculated as the rate of the previous TFR and the TFR calculated from the child-woman ratio.) By this we
have already corrected the TFRs in years before 1905, in this second step it is enough to adjust the years after
that.
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Figure 11

Fertility in Sri Lanka - TFR before and after corrections
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On the whole the TFR curve shows a moderately high pre-transition fertility level, fluctuation around
5.8 between 1800 and 1950 and a marked decline after 1950. This is in line with the picture that we
saw in the fertility transition literature of Sri Lanka.
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6.3 Singapore
6.3.1 Literature review - Singapore
Singapore started its spectacular development as a trading port under British rule, from 1819, when
it was a part of the Straigt Settlements. The British East India Company started to develop the island,
which has previously been inhibited by small Malay fishing communities. The Island attracted a large
number of immigrants of Chinese, Indian and Malay origin. Singapore became an independent state
in 1965. It has become a thriving metropolis, one of the most dynamic centers of Asia. The economic
growth was spectacular, education has reached European levels. (Fawcett and Khoo, 1980;
Hirschman 2001)
If there is but one country in the world where the state really attempted to influence fertility, it was
Singapore. There are several reasons why the country is well suited to government intervention into
fertility decisions: (1) it is a compact city-state, with high population density (Fewcett and Khoo,
1980), (2) due to its culture, state intervention into family matters is more readily accepted (Caldwell
2006). (3) and the government is very powerful, it controls several aspects of life – like housing and
education – which give more room to positive and negative incentives then what is usual in Europe
(Thang 2005).
Nevertheless, it is still subject to debate how effective and how successful this intervention was.
Some authors believe that family planning programs had an important role in reducing fertility, while
some others are expressing more doubt (Hirchman, 2001). Singapore went through a rapid economic
and social modernization process in parallel with the introduction of the family planning program,
and it is difficult to sort out the two effects econometrically. Demographers usually believe that
government programs rarely have primary importance, and they are more likely to strengthen an
existing trend, then to reverse a trend. For example in the case of China it has been shown that in
urbanized areas fertility decline was well on the way at the time when the first government
measures to limit fertility were introduced (Coale and Chen 1987). The data indicate that the
situation in Singapore was similar, and modernization was more important than the family planning
program.
The major milestones of policy change were the following (source: Wong and Brenada 2003):
1966
1983
1987
2001

Anti-natalist phase starts (“Two is enough”)
Eugenics (selective policy, supporting fertility of graduate mothers)
New population policy (pro-natalist) – (“Have three, if you can afford it”)
Baby bonus scheme

Without explaining the details of the programs, we would like to note, how powerful these measures
were. For example: changed priority in housing, schooling, and lump sum payments to support the
sterilization of woman. The government also used mass media and marketing tools, like posters to
support the current objectives, inventing simple slogans, like “two is enough”.
Neville (1978) decomposed the birth rate changes between censuses during the great fertility
decline, and he has shown that while the decrease of marital fertility (which was the target of
government intervention) was the most important determinant of the decline, “spontaneous”
marriage delay also had a significant impact.
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We have prepared a graph showing the main period of government policies together with fertility
data (Figure 12). It is clear from the graph that the anti-natalist family planning program was
introduced about a decade after the onset of fertility decline.
The anti-natalist policy “became a victim of its own success”, because it soon became clear, that
below-replacement fertility is also a problem (Graham, pg 62).
Moreover, the pro-natalist program was not successful in stopping the downward trend. Thang
explains this with the social and economic changes which occurred as a result of modernization of
Singapore: high level of education of woman, high level of female employment (Thang, 2005).
Figure 12 - data source: Wong and Brenada 2003, Thang 2005, together with Gapminder CBR and TFR data (TFR is on the
right scale)
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On the whole it seems that the effect of modernization on fertility was so strong, that even a welldesigned and powerful government intervention was unable to change the downward trend of
fertility.
6.3.2 Fertility data in Singapore
In the Gapminder 2009 set the data were u-shaped, with low fertility in the beginning of 20th
century, long increase, and finally decrease. This is unusual. We may turn to a recent book about the
demography of Singapore to check this trend (Swee-Hock 2007). The data of Swee-Hock are plotted
together with existing Gapminder data on Figure 13.
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Figure 13
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The author mentions two main problems which may distort the reported crude birth rates: (1) under
registration of births, (2) extremely high ratio of males compared to females (Swee-Hock, 2007,
Chapter 8, pp 152-153). Although the relative effects of these two are not quantified, Swee-Hock
believes that there was no true fertility increase during the first half of the 20st century.
Although Swee-Hock did not himself propose a correction, we may use his data about the sex ratio,
to come up with a correction factor. The idea is that our conversion from CBR to TFR assumed equal
sex ratio. The TFR calculated this way becomes incorrect in case of Singapore, as the sex ratio is far
from 1:1.
It can be shown mathematically, that if the sex ratio is p, then the adjustment factor is af=(1+p)/2.
For example, if the sex ratio is 3:1 (p=3), then we have only half as many woman as normally (25%
versus 50%), then the adjustment factor is 2. In other words, the same crude rate corresponds to
twice as high TFR, assuming of course that the age distribution is equal.
We have calculated the correction factor for census years in Table 6, and we have applied linear
interpolation between these dates in the corrected dataset (see Figure 14).
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Table 6

Sex ratio in Singapore - calculation of the
correction factor
Woman /
Sex
woman
Correction
ratio
assumed
factor
3.189
48%
2.095
3.088
49%
2.044
3.209
48%
2.105
2.938
51%
1.969
2.453
58%
1.727
2.044
66%
1.522
1.713
74%
1.357
1.217
90%
1.109
1.117
94%
1.059
1.047
98%
1.024

1871
1881
1891
1901
1911
1921
1931
1947
1957
1970

Simply speaking, in Singapore around 1900 the fertility was high, but as there were only few woman,
crude rates were still low, because the number of children compared to the population was low.
Figure 14

Singapore - the effect of sex distribution correction on TFR
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Please note that besides applying the correction factor, we have started to use the CBR data of SweeHock (2007) instead of Michell (1998). Given the fact that the two datasets differ (see Figure 14), we
are assuming that Swee-Hock is correct, as he is an expert on Singapore’s fertility. Mitchell probably
included a smaller adjustment for omission, but the book is silent about how it was done.
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After the adjustment the U-shaped pattern disappears, although we still see a quick rise in fertility
before the decline. A pre transition increase would be in line with the general literature, and it is
logical, given high crude birth rates (47-48) combined with still uneven sex ratio (1,7-1,5). But as my
Singapore sources do not use TFR before 1945, we could not find anything in the literature that
confirms this rise directly.
The large drop in fertility during World War II (1941-45) is confirmed by the literature, as the
economic and social conditions were severe during the Japanese occupation (Swee-Hock , 2007).
Regarding the trend of decline, our post-1950 data agree quite well with the new sources. It can be
seen that the UN applied some smoothing but the values remain close to recent official statistics
(Figure 15).
Figure 15
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We have replaced the UN data with official statistics from 1980, because even these small
fluctuations may be interesting for some of the readers.
6.3.3 Summary
The purpose of the current study was to investigate, if pre-transition fertility was genuinely so low in
Sri Lanka and Singapore, or there is a problem with the data.
In case of Sri Lanka the newly reviewed sources indicate, that in the early colonial period due to low
levels of literacy and some resistance the vital statistics had large omissions. The extent of these
omissions may be estimated from the child-woman ratios observed on census dates. It is possible to
estimate TFR based on this, and comparing it with Mitchell’s data, we may calculate a correction
factor. After applying the correction factor to our data, the strange pattern disappears: we see that
between 1850 and 1950 the adjusted TFR fluctuated at a high level, around 5,8.
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A second problem with Sri Lanka was that as UN applied different conversion rate from 1950 then we
did before that date, this caused a “jump” at 1950. We have now calculated a new conversion rate,
specific to Sri Lanka, and applied that instead of the general one.
In case of Singapore we have concluded that while our crude rate data are correct, the conversion to
TFR is incorrect, because it failed to take into consideration the unbalanced sex ratio. Due to the high
rate of male labor immigration the sex ratio of the population was around 3:1 during the first part of
20st century. On the other hand our CBR-TFR conversion assumed equal sex ratio. With 3:1 sex ratio,
we have half as many women in the population, so we have to double the TFR estimate. When we
have done this, we arrived at a TFR curve which is more in line with theory, the strange trend
disappears.
In other respects the literature reviewed confirms our data.
This investigation can be also regarded as a case study, testing our data and the methods applied
when the large dataset was compiled. It is not a surprise for me that the most vulnerable point is the
CBR-TFR conversion. In strict demographic terms, the TFR cannot be determined when we do not
know the age-specific fertility rates exactly. The “empirical conversion” (Bogue, 1993) that was
applied practically means that instead of TFR we are reporting a rescaled CBR, so it still has all the
problems that a crude rate may have: an unusual age or sex distribution will distort it.
Although this problem comes from the nature of the exercise, the errors found in case of Singapore
and Sri Lanka indicate, that it would be worthwhile to review conversion rates, and make them more
specific to what we know about the country. An easy way to go about this would be to calculate
country-specific rate from UN data instead of the general conversion rate in all cases where there is a
“jump” around 1950.
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7 Fertility in India: A review of estimates and theories
7.1 Literature review
7.1.1 India and the population debate
According to UN projections India will be the most populous country in the world by 2050, overtaking
China. (India 1995: 934 Million, 2050 1529 Million; China: 1995 1221M 2050 1478M source:
Bongaarts, 2000)
Throughout the 1950s, 1960s and 1970s it was feared that without intervention, some developing
countries may be overpopulated, and one of the main examples was India. This “neomalthusian
view” in the population debate stressed, that the too fast population growth may cause
impoverishment in countries like India, and solution was expected from government measures to
control population.
It is not surprising that India has received great attention from demographers. Perhaps the best
known among them is Kingsley Davis, a Princeton demographer who wrote several articles and a
book on the population of India during the 1940s and 1950s. The neomalthusian view clearly reflects
in the writings of Davis about India: “One should not expect,(...) that economic changes will
transform the fertility customs of the Indians soon enough to avoid future population
problems”(Davis, 1943 pg 78). “Such rapid growth in a country already poor and densely settled
cannot fail to be a handicap in the drive toward modernisation, industrialisation, and an increased
standard of living” (Davis, 1946 pg 253). Indeed, at the time when Davis wrote his articles, mortality
decline in India was well on its way, but there was no marked tendency for fertility decline, so he had
a good reason to worry about population growths.
Davis (1944) has shown that between 1872 and 1920 population growth was moderate and
fluctuating: every second decade was characterised by minimal population growth, and the long
term growth remained moderate. This fluctuation ended after 1920, and after that the growth rate
was accelerating to 1-1,2% per year, which was not extraordinarily high, but multiplied by the large
existing population the growth in absolute terms was spectacular, for example 83 million more
inhabitants between 1921 and 1941. The fluctuations in the growth rate were primarily due to
mortality. The sudden increases in the death rate were due to famines, epidemics or wars. For
example to major waves of increase were due famines in 1876-1878 and 1898-1900, and a mortality
increase in 1918 was due to an influenza epidemic. From the 1920s there is a clear decline in
mortality, while the decrease of fertility was delayed and much slower. So the large increase in the
population of India was due to the classic scenario of demographic transition.
Acting on the neomalthusian fears, during the cold war mood of the 1950s, it was felt that the
Western countries should maintain their influence in Asia by helping these countries to implement
“Family Planning Programmes”. India was among the first countries to implement a “family control
programme” in 1951. Since then, India has spent 6 Bn USD on its family planning program, and
devoted 13% of the total health budget to it (Srinivarsan 1997; McCarthy 1997). The government
programme leaned heavily towards sterilisation, providing various incentives both in cash and in
kind. In the late 1980s the number of tubectomies annually reached 4,1 Million. Paradoxically, in
spite of this, the yearly growth of population in India has accelerated from 1,3% (1940s) to 2,1%
(1990s) (McCarthy 1997).
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However, this high growth is now mainly due to population momentum. The ratio of young people is
high, and fertility is still above replacement, so population growth will continue for some more time.
On the other hand fertility decline has already started from about the 1970s (Coale 1988; Yadava and
Yadava 1999), and the speed of this decline exceeds the expectations of forecasters (Bongaarts,
2000).
In the late twentieth century there has been turning point in the population debate: neomalthiusian
ideas came under strong criticism. The basic idea that too high population density may limit
economic growth has been rejected by Boserup, who argued that faster population growth often
leads to technological innovation in agriculture (Boserup, 1983). Some others argue that the family
planning programs were a “fatal misconception” (Connelly 2008). In India, as well as in many other
Asian countries, fertility decline started in some districts well before the family planning program
(e.g. around 1940 in the Ludhia district according to Das Gupta, 1995). Generally now we believe
that the economic determinants of fertility decline are so strong that only a relatively small
government intervention is possible, and even that often had huge humanitarian costs. (Gilbert
2005; Connelly 2008)
7.1.2 The determinants of fertility in India
The fertility decline is undoubtedly on its way in India. Many other things are uncertain, however.
Demographers are just estimating the level of fertility, it is difficult to know, which source is reliable,
because they sometimes differ so widely. Already in the colonial period the process of collecting vital
statistics has had its pitfalls, and there is some argument that since then it has not improved, rather
deteriorated (Dyson and Das Gupta 2001). This also affects the conclusions regarding when fertility
decline started, and how fast it is. For a given decade, a confusing large number of fertility estimates
exist, which significantly differ7 (Srinivasan 1995).
It is also subject to debate, what is the relative importance of socio-economic development and
government measures in fertility decline. In the next two sections shall briefly examine the main
arguments regarding the factors influencing fertility in India, before and during fertility transition.
7.1.3 The determinants and stages of fertility decline in India
Studies often compare the determinants of fertility in India with that of historic Europe. India is large
and very diverse culturally, so these simple comparisons always include some simplification.
Traditionally in India the age of marriage was very young compared to Europe girls often got married
before puberty. By this the main control mechanism of historic Europe, the “marriage squeeze”
(fertility control through later marriage) was not available in India. However, this has been largely
counter-balanced by a number of social norms, which reduced fertility: long breastfeeding,
prohibition of intercourse while nursing, return of a pregnant woman to her parental home to give
birth, and the “grandmother” effect, which discouraged childbearing of grandmothers, and
prohibition of widow remarriage (Coale 1998, Srinivasan 1995).
It may be argued that the marriage squeeze was also present in India, although in a very different
way. While girls were universally married, among males the rate of celibacy was high. To some
extent, he distorted sex ratio of the population made this necessary. Due to son preference,
7

For example Bhat et al (1984) devoted a full book to estimation of vital rates in India during two recent
decades, for the period of 1961-1981, but even then they remain to be cautious in the conclusion.
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infanticide or neglect has lead to higher mortality among female children. This means that male
celibacy was to some extent a necessity. Das Gupta argues that families have consciously used
celibacy of their sons to adjust to the economic circumstances, for example if a family had more
surviving male hairs, not all of them were allowed to marry, to avoid the sub-division of land. This is
evidenced by fact that the ratio of never married man was much higher among landowners (12-22%)
than landless (4-5%) (Das Gupta 1995, based on data from Punjab only).
In some Indian casts in North India (like the Rajputs) it was a social custom to give very large dowry
with marrying daughters, and this made daughters undesirable, infanticide, neglect or ill-treatment
of female children become frequent as a result. In the summary chapter of the book “Asian
Population History” Caldwell (2004) stresses infanticide (and neglect) are the main mechanisms of
lowering fertility in Asia – as opposed to late marriage in Europe. However, Dyson summarising a
book about Indian Historical demography concludes that the main mechanism of pre-transition
fertility control in India was probably widow remarriage, because under conditions of high mortality
a large part of fecundity was lost this way.
While the relative importance of social controls8 (lactation, no remarriage, sexual abstinence after
birth) is debated, it is very clear, that there existed a traditional fertility regime in India, which
resulted in moderate fertility levels due to social controls. By moderate level we mean TFR usually
being in the 4-6 region, well below the biological maximum.
7.1.4 Case study evidence for India
Two studies have recently been published for smaller territories in India: Berar and Ludhiana (Dyson
1989, Dyson and Das Gupta, 2001). Detailed, yearly historic vital statistics records are available for
these regions, and have been shown to be reliable. This enables the authors to reconstruct the
demographic development of these regions.
Regarding fertility, these studies confirm that fertility before the demographic transition (before
1940) was moderately high, in the 4-6 range, and relatively stable. Mortality fluctuated a lot at the
same time, growing above 100 per thousand in some years. Life expectancy was 20-30 years, sinking
to 15-20 in the worst years (Dyson 1989). Dyson explains this so that in the traditional regime the
question was: how to maintain the population in spite of the high mortality. The correlation between
mortality and fertility was positive: fertility was lower in times of epidemics.
The traditional demographic regime lasted until about the mid 1940s. In the 1950s and 1960s a predecline fertility increase started, probably due to the breakdown of the customs regarding widow
remarriage, in Berar the pre-decline increase in TFR was 19%.

8

By social control I mean that fertility control was indirect, as it was a result of adherence to some social norm,
and not the result of an individual, conscious decision. Classic article about this subject is: Lestaege (1980) “On
the social control of human reproduction.”
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7.1.5 Stages of demographic transition in India
Researchers outline the timing of demographic transition in India as follows.
1. Before 1920 India was in the first stage of demographic transition, when mortality is still high
and fluctuating (Yadava and Yadava 1999). Davis(1944) assumes that before the first census
(1872) the population was close to stationary, as the increase in the good periods were
wiped out by the next mortality wave, this implies that the death rates were constantly
around the level of 44-47, which is the level measured for the bad decades of 1891-1901 and
1911-1921 respectively.
2. Between 1920 and 1970 there has been a clear decline in mortality, but fertility decline has
only started in some special areas, the general level of fertility remained high.
3. After 1970, fertility decline became clearly visible, and it gradually penetrated the lower
educated and lower status groups (Bhat 2002; Rele 1987; Yadava and Yadava 1999).
7.1.6 Diffusion was not balanced
Davis argues that the diffusion of the western culture and technology was much easier in case of the
practices which effected mortality, than in case of the ones which effected fertility. The colonial rule
has made it possible to introduce famine control and epidemic disease control, by external
government measures. On the other hand a change in fertility would have required a more
fundamental in internal socio-economic development process, which has been delayed, due to “rigid
cast system and very otherworldly religion” (Davis pg 265). Due to the semi-colonial economy of
India, the development before WWII was not balanced. This has created an unstable demographic
situation (Davis 1944).
7.1.7 Economic explanations
Crimmins et al (1984) compares the progress of fertility decline in Karnataka (a state in India) with
that of Taiwan, using the Easterlin-Crimmins model as a theoretical framework. They conclude that
the pace of decline in the Indian state is “considerably slower than that of Taiwan, probably because
of its slower pace of social and economic development”. Using the model they argue, that especially
in the lower status households in India, the desired number of surviving children is still above the
supply (natural fertility minus child mortality), so there is no motivation for fertility control. On the
other hand the costs of fertility regulation are initially high. Based on the fertility survey for
Karnataka in 1975, they make the following estimates:
Table 7 Quantification of the factors in the Easterlin-Crimmins model for Karnataka in 1975

Natural fertility
Survival rate
Potential family size
Desired family size
Motivation for control
Percent controlling
Children ever born
Children surviving
Birth averted
Unwanted children

6,0
0,764
4,58
4,2
0,38
25,6%
5,8
4,4
0,2
0,2

The forces to increase and to decrease fertility may temporarily be in balance during the early stage
of transition. Natural fertility may increase due to better health, education and nutrition, and as a
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result, even if fertility control starts, its effects may not be immediately visible. However, the authors
reject the popular view that India performs badly in demographic terms. The demographic transition
gradually progresses in India, it is clearly visible in higher status groups and cities, and gradually
penetrates the rural areas as well (Crimmins et al 1984).
The role of education in the fertility transition is analysed in detail by Mari Bhat (2002), and the
conclusion is that the desire to substitute child quality to quantity was probably a very important
factor. A very large part of the fertility decline was achieved among illiterate woman. Decomposing
the TFR change between 1981 and 1991, the author finds that 49% of the fertility change was
achieved among illiterate woman 31% among educated woman, and 20% was due to change in
educational composition, and parallel with this more and more illiterate woman started to send their
children to school.
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7.2 Fertility data and sources
It may be a bit surprising, how much uncertainty exists regarding fertility data in India, even
regarding recent decades.
7.2.1 Problems with the 2009 estimates
The figures in the Gapminder 2009 dataset were based on three main sources:




1880-1908: a study by Saito et al (2005) about two provinces, Punjab and Madras
1911-1945: CBR published in Mitchell (1998), converted to TFR using empirical conversion
UN dataset from 1950

In the Gapminder 2010 dataset we have included a revised series for India, after reviewing a number
of additional sources, as it is explained in the current section.
The Gapminder estimate in the 2009 dataset was based on own estimates using Saito (2005) and
Mitchell (1998) which originates from official statistics. The estimates of Gapminder 2009 became
too low, because too high weight was given in our estimates to Madras (we were using the series in
Saito 2005, and calculating a very rough whole-India estimate based on that). Madras is one of three
big urban areas of India around 1900 (like Calcutta and Bombay), and as Davis (1946) noted, urban
fertility was much lower in this period in India, then rural fertility. On the whole India was still
predominantly rural, so the inclusion of Madras with high weight resulted in a too low estimate in
the 2009 dataset. However in the Gapminder 2010 dataset we have found new sources for India as a
whole, which makes this estimate unnecessary.
The data by Mitchell reflected official statistics, which suffered from large omissions. Davis(1944)
calculated estimated fertility rates for the 1881-1941 period, using “Reverse Survival method”. This is
probably more reliable than reported fertility rates, because in the initial period vital statistics may
have had omissions, but a rate based on age distribution in census is less sensitive for this. Indeed, he
estimated CBRs to be about 10 per thousand higher, than what was reported based on vital statistics.
The third source (the UN dataset) is free from such problems it is largely in line recent research
papers, although it apparently includes some smoothing, we think it is not necessary to change it.
7.2.2

Newly found data and estimates

Estimates by Davis using reverse survival, 1881-1941
The estimates of Davis (1944, 1951) and converted TFR using the general conversion ratio of 0.134 is
shown in table 8. In the first half of project when collection TFR for all countries in the world we used
different conversion ratios and it lies between 0.12 and 0.14. So for the purpose of comparison we
have calculated both cases where we have 0.12 and 0.14 for conversion ratios.
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Table 8 The estimates of Davis and the CBR figures from vital statistics compared

Calendar year

1881 – 1891
1891 –1901
1901 – 1911
1911 – 1921
1921 – 1931
1931 – 1941

Estimated CBR

From vital
statistics
(reported CBR)

TFR (CBR*0.134)

49
46
49
48
46
45

–
34
37
37
33
34

6.57
6.16
6.57
6.43
6.16
6.03

Assuming a range
of conversion
rates (*0.12 ~
*0.14)
5.88~6.86
5.52~6.44
5.88~6.86
5.76~6.72
5.52~6.44
5.4~6.3

Estimates by Preston and Bhat
To overcome the weakness of vital registration, from the late 1960s India uses a Sample Registration
System to collect fertility data. The article of Preston and Bhat (1984) focuses on cross-checking three
different sources and estimates for the 1960-1981 period (table 9). Firstly, they take the data from
the Sample Registration System (column two). Secondly, the take the data from two individual
surveys (column three). Finally, they make their own calculation from official census data using the
Brass method. According to their revised estimate TFR was 5.60 in 1971-72 and 4.69 in 1978.
Table 9 Comparison of fertility data from three different sources by Preston and Bhat

Year

1971-72
1978
Decline

Reported (Sample
Registration System)
(CBR)
36,75
33,3
9,4%

Two nation-wide surveys
(TFR)
5,45
4,30
21,1%

Best estimate using
census data (Preston
and Bhat 1984) (TFR)
5,60
4,69
16,3%

It is surprising that the three sources give very different estimates for the rate of decline, ranging
from 9% till 21%. The fall in the TFR was faster than the fall in the CBR because of both the age
pattern of fertility change and growth-simulative changes in age distribution. Some of the difference
among the rates of decline can be explained by changing age patterns of fertility. Fertility declines
were largest at the older ages, which receive much heavier weights in the TFR than in the CBR. But
this does not explain everything.
The main conclusion of the authors is that it is difficult to determine the correct level of recent (1978)
child mortality, and the Sample Registration System probably overestimates that, reporting too high
fertility for 1978. Their figure (TFR 4,69 in 1978) is more in line with the two major surveys and the
census age patterns. So the official data underestimated the pace of decline.
Summary by Srinivasan
The book of Srinivasan (1995) contains two chapters which summarize data from various sources
regarding fertility in India. We have used the tables prepared by Srinivasan to compare the sources
with Gapminder figures.
The data from the various sources mentioned above are shown in the following table, putting the
years side-by-side. For the estimates which refer to 10 years, we are using the mid-point of the
decade, eg. 1886 instead of 1881-1890.
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Table 10 TFR data for India from various sources

Total Fertility Rate (TFR)
A
B
F

Gapminder
2009
dataset

1800
1860
1880
1886
1890
1896
1898
1906
1908
1911
1915
1916
1920
1925
1926
1930
1935
1936
1940
1946
1950
1951
1952
1953
1954
1955
1956
1968
1973
1978

Davis
(1951)
est. using
reverse
survival
method

C

Preston
and Bhat
(1984)

Mari Bhat
(1986)
18861946,
Rele
(1987)
from
1953

D1

D2

Ludhiana
district
only,
Dyson
(1989)

Berar
district
only,
Dyson
and
Murphy
(1986)

4.80
4.80
4.40
6.16

5.76

4.85

5.10

5.77

5.73

5.46

4.78

6.20

5.72

5.15

5.65

6.06

5.70

5.69

6.02

5.85

5.81

5.21

5.79

5.70

5.93

5.31

5.12

5.03

5.91

4.53

4.75

4.54

4.75

4.60
5.00
5.10
5.20
5.05
4.40
4.40
4.66
4.65
4.29
5.91
5.91
5.91
5.95
5.92
5.92
5.91
5.60
5.23
4.85

5.67
5.37
4.69

5.78
5.37
4.65

This is best summarized using a graph.
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Figure 16

Going backwards in time, we see that from now until 1950, the current Gapminder data (based on
UN) are confirmed by Preston and Bhat (1984) and Rele(1987).
Before 1950 the estimates widely differ, but it is clear that the Gapminder 2009 TFR data are too low
between 1880 and 1950.
In the Gapminder 2010 dataset we have included the values of Mari Bhat (1989) which joins well
with the UN series. This way we have reliable data between 2000 and 1880.
To sum this up, the Gapminder 2010 data for India are now mainly based he work of Mari Bhat
(1989) which is explained in some more detail in section 7.2.3. We have made some additional
changes regarding the pre-transition fertility estimates before 1880, as explained in section 7.2.5.
7.2.3 More details regarding the preferred estimate
The detailed study of Mari Bhat (1989) is available in the book “Indian Population History”, edited by
Tim Dyson. The author uses the “variable r” method to reconstruct vital rates from population age
distribution. The method applied to “all India” census age distributions. According to the author, his
estimates are better than that of Davis, because his assumptions regarding age-specific mortality are
more realistic, and this affects all other estimates, including fertility. Davis used the model west life
table, derived from the European experience, shifting the curve towards higher mortality. According
to Bhat, this gives unrealistically high infant and child mortality. In contrast, Bhat suggests that high
mortality countries have a different pattern; it is not enough to shift the European curve. High
mortality countries have proportionally higher adult mortality. So instead of the Coale-Demeny
model life tables he uses his own estimates for age-specific mortality for India, which in turn lead to
different fertility estimates.
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7.2.4 The territorial range
Our understanding is that the figures refer to the India according to its current borders: colonial India
for the colonial period, including Pakistan.
Mari Bhat’s work is based on Mukherjee’s (1977) book, which is for the “entire Indian Union”9. Bhat
himself writes that the estimates are “based on Mukherjee’s compendium on Indian age
distributions, which incorporate elaborate adjustments for massive territorial changes during 18811961” (Bhat 1989, pg 80). But we do not learn more about the nature of these adjustments. The fact
that he compares his estimates directly with Davis, indicates that it refers to Colonial India.
Neither Bhat nor Srinivarsan include footnotes for the fertility estimates table regarding how they
handled territorial changes. This makes it likely that they report for the territory which was India in
the given year.
The estimate of Rele (1987) is clearly for the current territory of India, because this can be seen from
the map included on pg 523 of the study.
According to Gapminder’s definition the data should relate to the current territory of countries, so
strictly speaking an adjustment would be needed for the data provided by Bhat (1881-1950).
However this adjustment would require a separate study, which is out of scope for this paper.
Therefore we have kept the estimates as they were published by Mari Bhat.
7.2.5 Estimate for pre-transition fertility
It is likely, that our previous estimate for pre-transition fertility was also too low, because it was also
based on the Punjab-Madras study. Unfortunately, we could not find a specific expert estimate,
although several sources agree that it was well below the biological maximum.
However, it is possible to use the recent levels of tribal fertility as a “proxy”, and it is also possible to
estimate the likely range for pre-transition fertility.
Tribal TFR in India
An interesting article by Maharatna (2000) reviews the tribal fertility in India. The definition of tribes
is not included in the paper, but in India this term has a special meaning: it refers to indigenous
people who are outside of the cast system, living in a classless society, and usually speaking a special
language.10 More recently the list of “Scheduled Tribes” in India is recognised in India's Constitution;
a total of 645 district tribes. The term “Scheduled Tribes” refers to specific indigenous peoples whose
status is acknowledged to some formal degree by national legislation.

9

According to the Cambridge economic history of India, Volume 2 - By Dharma Kumar, Tapan Raychaudhuri,
Meghnad Desai, pg 504 footnote.
10
“Unlike castes, which are part of a complex and interrelated local economic exchange system, tribes tend to
form self-sufficient economic units. Often they practice swidden farming--clearing a field by slash-and-burn
methods, planting it for a number of seasons, and then abandoning it for a lengthy fallow period--rather than
the intensive farming typical of most of rural India. For most tribal people, land-use rights traditionally derive
simply from tribal membership. Tribal society tends to be egalitarian, its leadership being based on ties of
kinship and personality rather than on hereditary status. Tribes typically consist of segmentary lineages whose
extended families provide the basis for social organization and control. Unlike caste religion, which recognizes
the hegemony of Brahman priests, tribal religion recognizes no authority outside the tribe.” (source:
http://countrystudies.us/india/70.htm, accessed on 2010.08.01)
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In the study of Maharatna (2000) a large table is shown, summarizing various studies which measure
fertility in tribes. The data contain results from various locations and times, over the 20st century in
India. We have prepared a graph, to show, what the most frequent TFR values measured for tribes
are. This gives some indication of what could have been the level of natural fertility earlier on
(although it is subject to debate, how accurately). Each dot on the graph is one observed population
or study at a given time. Different markers are used for studies which report TFRs, and for studies
which report average number of children ever born (ANCEB). The two figures differ due to mortality
of woman in fertile ages. We have calculated a conversion rate from the more recent studies, where
both values were given, and used this to re-scale the ANCEB values for the graph.
Figure 17

Tribal fertility in India by year (study results by year: TFR, or
rescaled ANCEB, if TFR was not given )
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This suggests that the typical TFR among tribal population is around 5 – 5,5. Ignoring the re-scaled
values a higher estimate would result, closer to 6. But in my view it would be a mistake to ignore
those studies which only report ANCEB, as this may introduce a bigger (selection) bias then the
rescaling, so my preferred estimate is 5 – 5,5.
Reasonable range
The following table shows what the likely range of pre-transition fertility in India is. The main
assumptions are that population growth has been low (2,3 per thousand) and mortality remained in
the 40-49 range. This gives a TFR range of 5,3-6,5.
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Table 11

Reasonableness estimates for India 1800-1856
Estimation of population growths
Population
1800 200000000
1856 227000000

Years
56

Growth
1.1350

Growth
per year

Life
expectancy

1.0023

What-if analysis for a range of death rates
conversion rate: calculated from Mari Bhat (1986) for India, using data for 1886-1946
Growth
2.3
2.3
2.3
2.3
Death rate
40
43
46
49
Birth rate
42.3
45.3
48.3
51.3
Conversion
0.126
0.126
0.126
0.126
TFR
5.3298
5.7078
6.0858
6.4638
conversion rate: general
Growth
2.3
Death rate
40
Birth rate
42.3
Conversion
0.134
TFR
5.6682

2.3
43
45.3
0.134
6.0702

2.3
46
48.3
0.134
6.4722

2.3
49
51.3
0.134
6.8742

Based on this, currently the 5,8 – 6,1 range seems to be a reasonable estimate for the 1800-1880
period. The point estimate is TFR=5,95.
7.2.6 Summary
The Gapminder 2009 dataset included too low values for India before 1950, as the sources used were
not the best ones. This has been overcome by using the estimates of Mari Bhat (1986) for the 18801950 period, and including a new estimate (TFR=5,95) before that. This means that our data are still
be estimates, because the exact figures are not known, due to the lack of reliable statistics. The
revised data are much more in line with the literature about historic fertility in India, and the various
other estimates agree with that of Bhat (1986) and UN in terms of the major tendency.
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8 Fertility in China: A review of estimates and theories
8.1 China in the 19th century
General consensus about Chinese demography in the 19th century is that a) the level of mortality in
China did not exceed those of Europe before the industrial revolution, b) the living standard for China
was not lower than that of Europe, c) TFR was lower than previously thought, either because of
infanticide or widespread of sexual restraint (customs) combined with breast feeding. All of these
factors would account for long intervals between births. Due to the fact that China was a special
social environment, organized of communities in which people are tightly controlled, we may assume
that migration was low or negligible. This would attract us to calculate fertility level by using
population growth and mortality data. Once we get the CBR data we will get the TFR by the empirical
conversion we as have done before. Entwisle (1981) critically reviewed the use of CBR in research
papers and concluded there is no reason to disregard research results which are based on CBRs, and
this suggests that the conversion from CBR to TFR is a reasonable compromise. However, the
“empirical conversion” (Bogue, 1993) that we apply practically means that instead of TFR we are
reporting a rescaled CBR, so it still has all the problems that a crude rate may have: an unusual age or
sex distribution will distort it.
Lavely and Wong (1998) have assembled three series of population figures for China Proper. The
government enumeration of population estimates of China proper are 350 million for 1808 and 430
million for 1850. Agnus Maddison11’s webpage12 provides us with the historical statistics data in
which we can find Chinese population in the 19th century. According to this source the estimates are
381 million for 1820 and 412 million for 1850. Although these are just estimates, broadly speaking
they give the same result regarding long term population growth. . As Lavely and Wong argued, there
is an agreement among researchers regarding the basic trajectory of slowing population growth in
the 19th century in spite of the uncertainties regarding the data they are using.13 We are going to
use the data provided on Maddison’s webpage (revised in 2010) for population.
Imperial Lineage data’s quality deteriorated after 1840 (due to dynastic decline)14 caution must be
taken for the data after 1840. Mortality must have risen from the beginning of Opium War in 1840, in
the Taiping crisis (1851-64) due to the civil war and in subsequent uprising and famines, and in SinoJapanese war in 1894. In this time period population were decreasing. However we have no mortality
data for this period. Even Lavely, Wong (1998) have not provided the life expectancy at birth data for
the latter 19th century China.

8.2 Use of model life table to see the CDR (crude death rate) level
Based on Lavely and Wong (1998)15 we may assume that in the first half (at least before 1840) of the
19th century, life expectancy at birth was around 30 to 40 This way we have an estimate for life
expectancy at birth but crude death rates for the 19th century are not available. The relationship
between life expectancy and crude death rate depends on the population shape. Since we don’t

11

Maddison is Gapminder’s data source of population for China
http://www.ggdc.net/maddison/
13
Lavely, Wong (1998) p.718
14
Lee, Feng, Campbell (1994) p.396
15
Lavely, Wong (1998) p.721 Table 3A.
12
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know how the population pyramid for China in the 19th century looks like even if we have life
expectancy data we cannot calculate the crude death rate.
However we may build on our knowledge that the 19th century China was not yet industrialized and it
had a pre-transition demographic regime. We may look at other pre-transition societies for which we
know the population shape. We may assume that the population shape for the early 19th century
China would be close to one of these stated below (China for 1950, Japan for 1950, South Korea for
1950, Hong Kong for 1950, Eastern Asia for 1950 or South-East Asia for 1950). If we would assume
the population shape and using the model life tables provided by UN (1982), we would be able to
calculate the crude death rates as well as age specific death rates. Which type of model life table
should we use? UN has provided us with 5 patterns for both sexes separately (Latin America pattern,
Chilean pattern, South Asian pattern, Far Eastern pattern and General pattern). Since we don’t know
which type, we would pick every pattern to see the possible range of values. The life tables are
provided for life expectancy at birth ranges from 35 to 75 years old. Since we have already known the
level of life expectancy at birth for the 19th century China (before 1840). We had used the life table
with the life expectancy at birth of 35 years old. The result will be shown below.
Table 12 CDR (Crude death rate: both sexes combined) for E0=35

Life table
If Pop shape was
China (1950)
Japan (1950)
Hong Kong (1950)
South Korea (1950)
East Asia (1950)
Southeast Asia(1950)

General

South Asian

Far-east

Latin America

Chilean

28.8215
28.8831
27.7444
28.0943
28.7638
28.1401

28.4266
28.5565
27.7202
28.6803
28.4297
28.2624

37.4397
37.3943
36.7901
34.8177
37.2862
35.6210

27.9492
27.9962
27.5982
27.8548
27.9259
27.6537

28.9625
29.0056
28.2900
29.0469
28.9437
28.5945

We would assume that CDR level was between 27 and 38. We have population data and the bounds
of range in which CDRs would lie. Therefore we can calculate the estimates for CBR (crude birth rate)
level for those years. As can be seen in the table, using Far-east life table will reveal the highest CDR.
Actually Far-east life table looks most close to Campbell and Lee’s enumeration16 in terms of life
expectancies at birth, at the age of 10 and at the age of 20. So we would put more emphasis on
figures in Far-east scenario. In our view it is likely, that the true value was close to the upper bound
(CDR=38), given by the China 1950 population shape and the Far-east model life table: However we
may note that even the highest estimate was below 40. Some uncertainty remains however, as we
are using 1950 population shape, as that is the earliest date for which data were available in the UN
database.

8.3 Calculation for the estimates of fertility level
We would be able to calculate CBR (crude birth rate) if the society is rather closed to migration by
the following formula:
CBR=Population growth (/1000 population) – CDR.
CDR level must have been higher in the latter half of the 19th century than that before 1840.
16

Bengtsson (2004) p.296 Table 10.1
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After 1850 it would be unrealistic to assume that CDR level did not change when population was
going down. So we would assume 1.1 times higher CDR level for the calculation of higher bound for
CBR (that is 38*1.1.This 10% is arbitrary but in the World War Ⅱ Japanese mortality rate was said to
increase by 20% and that 20% is too much so 10% could be reasonable regarded as higher bound)
but for the lower bound for CBR we would use 27, based on the lower bound calculated above in
Table 12, because we are also interested in a lower bound for TFR (assuming lowest CDR leads lowest
estimation for CBR). The latter half of the 19th century would have rather broad (unreliable)
estimates for CBR data.
In addition to that, we all know that the sex ratio has been skewed in China. We would like to see
how much this effect affects the results. Sex ratio of male to female for children age 0 – 4 is 1.2
according to the census of China for 2000. If 1.2 held true for the 19th century China, the discrepancy
between 1.2 and 1.05 which is the human sex ratio commonly assumed, would be thought mainly
due to infanticide. The correction will be divided by (105+100*105/120)/(105+100)=0.939.
The result is shown below (Table 13). The figures with bold letters are more trustworthy than other
figures (As was said before the calculation of CBR based on CDR of 38 would be more trustworthy.
Besides CBR data after 1840 is based on assuming 10% increase in CDR in the chaos period of the
latter half of the 19th century). TFR#1 is using general conversion that was used in the previous
project, TFR#2 is using conversion rate calculated using Chinese CDR and TFR data for 1950-2009,
and TFR#3 is using conversion rate calculated using Chinese CDR and TFR data for 1950-1978
excluding post one child policy (1979) period.
Table 13. TFR calculation using three different conversion methods
year

population

1800
1808
1820
1830
1840
1850
1860
1870
1880
1890
1900

N
320,000
350,000
381,000
409,000
412,000
412,000
377,000
358,000
368,000
380,000
400,000

CBR
growth
3.8
2.6
2.8
0.3
0.0
-3.5
-1.9
1.0
1.2
2.0
0.2

high
41.8
40.6
40.8
38.3
38.0
38.3
39.9
42.8
43.0
43.8
42.0

TFR#1
low
30.8
29.6
29.8
27.3
27.0
23.5
25.1
28.0
28.2
29.0
27.2

high
5.59
5.44
5.47
5.13
5.09
5.13
5.35
5.74
5.76
5.87
5.63

TFR#2
low
4.12
3.96
3.99
3.66
3.62
3.15
3.36
3.75
3.78
3.89
3.65

high
5.93
5.76
5.79
5.44
5.40
5.44
5.67
6.08
6.11
6.22
5.97

TFR#3
low
4.37
4.20
4.23
3.88
3.83
3.34
3.56
3.98
4.00
4.12
3.86

high
6.22
6.05
6.08
5.71
5.66
5.71
5.95
6.38
6.41
6.53
6.26

low
4.58
4.41
4.44
4.07
4.02
3.50
3.74
4.17
4.20
4.32
4.05

By comparing the TFR without sex ratio correction for 1800 between our result and TMFR of 6.3 for
TMFR by Lee and Feng (1999)17 our result is consistent to the empirical evidence considering TMFR is
bit higher the TFR (not everyone marries and percentage of having children outside marriage is lower
than that of married couples).
The result with the sex ratio correction will be shown below.

17

Lee, Feng (1999) p.48 Table 3. TMFR of 6.3 is based on 3000 sample drawn from Lianing in the time period of
1774-1873
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Table 14. TFR estimates after sex ratio correction
year

TFR#1

1800
1808
1820
1830
1840
1850
1860
1870
1880
1890
1900

high
5.96
5.79
5.82
5.47
5.42
5.47
5.69
6.11
6.14
6.25
5.99

TFR#2
low
4.39
4.22
4.25
3.90
3.85
3.35
3.58
4.00
4.02
4.14
3.88

high
6.31
6.14
6.17
5.79
5.75
5.79
6.03
6.47
6.50
6.62
6.35

TFR#3
low
4.65
4.47
4.51
4.13
4.08
3.55
3.80
4.23
4.26
4.39
4.11

high
6.62
6.44
6.47
6.08
6.03
6.08
6.33
6.79
6.82
6.95
6.67

low
4.88
4.69
4.73
4.33
4.28
3.73
3.98
4.44
4.47
4.60
4.32

To sum this all up, while the estimates show a broad range of possible values, our best estimate is
shown by the TFR#3 column in Table 14, and we think that the likely values are close to the upper
bound.

8.4 Conclusion
We have estimated TFR for the 19th century China. Based on the calculations we assume that TFR for
China was around 6.0 all over the 19th century. The preferred estimate is shown in the TFR#3 column
in Table 14. In addition to that the lowest bound was estimated to be around 4.0. However, due to
the dynastic decline in the latter half of the 19th century the data are very unreliable. Although we
have calculated an estimated TFR for this period as well, the estimated range became too wide.
On the whole, we could not find additional sources which would enable more accurate estimates,
and the reasonableness calculations performed have not rejected the data that we have included in
the Gapminder 2009 set. So we kept the dataset unchanged. However, it will be worthwhile to
review the dataset in a few years time, because the historical demography of China develops quickly.
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9 Smaller country reviews (data cleaning)
The Gapminder 2009 dataset has been reviewed in several steps as it has been explained in chapter
5, and the corrections are now included in the 2010 data. In the previous chapters we have shown
the work done in cases where a more detailed country review was felt to be necessary. The current
chapter explains the “data cleaning”, the work done in case of countries where we only identified a
smaller problem with the 2009 dataset. The countries for this chapter have been selected using a
systematic review of the whole 2009 dataset. The Gapminder 2009 dataset sometimes showed a
strange or unusual trend, or there was a gap in the data when we switched from one source to
another. We have prioritised all countries, considering the size of the problem perceived, and the
potential availability of additional information. Finally, twenty-two countries were selected for data
cleaning.
The work done is shown in a tabular form in Table 15.
There is one row per country. The second column describes what the problem was with the data for
the given country. The third column explains the work done in the 2010 revision. The last column
refers to a detailed literature list that can be found at the end of this paper.
The dataset now includes the outcome of this investigation. The revised dataset looks the same way
as before. Only one new column was added, which contains y2009 or y2010, the year when the data
was complied. We have added the new sources to the source list, and referred to in the row where it
was used. We have adjusted the data quality indicators. The new data can be found using a filter for
this field.
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Canada

maybe some more
data exist

Additional literature was found. McInnis published If (Princeton) indexes by region
McInnis M. 1997
(Quebec had much higher fertility then the rest of Canada), from what I have
calculated a weighted average for 1861. The 1891 figure was published for the whole
Canada (pg 409 in the text), so I did not need to calculate weighted average. After
finding these If values, I have used the usual conversion from Princeton index to TFR.
I have reviewed the 1800 estimate in light of these new data, extrapolating backwards,
assuming the same fertility as in 1861. I have also used CBRs from McInnis for 1871 1881.
Between 1900 and 1921 I replaced the Chesnais data with the more recent values in
McInnis, pg 547. The crude rates were converted using country-specific conversion rate
to TFR. For 1931 the two sources agree, I kept Chesnais.

Taiwan

CBR-TFR
conversion not
country specific

Reviewed by a classmate from Taiwan. Generally OK. Additional source was found for
1956-1976, and data for this period slightly changed. I calculated new conversion rate
from recent values (1956-1971, as much higher than the general one: 0.145. The earlier
TFR values are recalculated accordingly.

Statistical Office

Japan

OK, but a bit more
data for 19th
century?

New source was found, containing Princeton indices 1700-1935. I use this now to add
some data points for 19th century. Data are given for intervals: I have used the
midpoint. The general picture is unchanged: surprisingly low pre-transition fertility in
Japan, similar to England. I have deleted the 1820 and 1855 estimates, used in the
previous dataset, because that was only based on two villages.

Tomobe K. 2001.
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Poland

Some more data?
(weak before 1920)

With the help of Statistical Office of Poland, I found a new source with yearly CBR
Wojtun 1983
data from 1816-1910. Although the data are only for Central (and 1816-1823 Western)
Poland, I used these without any change, because I do not know the weights. This gives
a good indication of a gradual decline - fits well with other sources.

Mexico

1895-1899 too low
TFR from Chesnais,
I seem to remember
that it is some war,
probably OK

Additional literature was found. Pre-1900 lines were deleted, as probably unreliable.
The literature contains expert estimate for pre-transition fertility in Mexico for 1900
(TFR 6.8) the previous estimate for 1800 has also been replaced with this figure.

estimate for 1900
by McCaa 1997

Slovak
Republic

jump between 1935
and 1950 SprochaUN

Received very nice time series from Slovak stat office, and updated the data. New data
added for the 1945-1950 period, showing a gradual fertility rise, which indicates that
both Sprocha and UN were correct.

Statistical tables
received from
Statistical Office
of the Slovak
Republic
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Panama

fluctuation 19381941 (wartime)
otherwise OK

Several new sources were found. Trussel(1980) for 1970s, which still only estimates
fertility based on a survey. Palloni (1990) publishes additional data for 1900, which
agrees with Collver. I added and revised estimate (slightly upwards) for 1800. I have
replaced Chesnais with a more region specific source, Collver 1965 book, pg 155. The
figures in Collver are his estimates considering under-reporting.

Collver 1965
Trussell and Hill
1980
Palloni 1990

Trinidad and
Tobago

May be OK, but
slightly strong
fluctuations.

New data for 1814 in Haines, chapter by Engerman. The author suggests that fertility
was low in the Caribbean among slaves (lower then US slaves), because of low living
standards and unhealthy conditions especially on sugar cane plantations. I use the
estimate for slaves for the whole population, because the prop of slaves was 8:1 in
1830, see pg 496.

Engerman 1997
Higman 1995 pg
308

Guatemala

1930 outlier: 7.6

Difficult to get further info. The UN values for 1950s (CBR above 50) are confirmed
by another study by Brea (Pop. Dinamics in Latin Am.), and similarly high values seen
in neighbours. Still 56.8 CBR (from Chesnais) appears too high. Deleted Chesnais and
used Palloni instead.

Brea 2003
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Fiji

UN and Mitchell
Bayliss-Smith, pg 152: the vital registration system was incomplete. But his data start
data contradict, jump only in 1960. The table of Edge (1937) confirm the current data for 1935 Fiji.
in 1950, too few data (Fertility is probably understated, but I do not have enough data to change it now)
(Fertility is probably understated, but I do not have enough data to change now)

1. Bayliss-Smith T
1988.
2. Edge 1937.

Tunisia

low values 1947-48,
why? Chesnais<>UN

UN 2001. The
state of
demographic
transition in Afrika

Korea, Dem.
Rep.

strange drop in the
North Korea is a mystery, but it is probable that the UN data are wrong in this case.
UN data, Rele before Calwell estimates that the fertility decline started in the 1975-80 period, and before that
1950 is probably OK TFR was 7.0 -- this contradicts with the UN. He also gives different estimate for 1995
TFR: 2.4. I found an alternative series in Kandlah(2003), and compared it with the 5yearly averages of the UN series. This shows that until 1970 it is worth replacing the
UN series with Kandlah.

The UN statistical yearbook is the same as Chesnais for 1946-1948. The UN document
"The state of demographic transition…" includes a one page review of Tunesia, which
confirms very high CBR around 1950 (they write that CBR was "around 50") and
marriage was early. This makes it probable that the 1946-1948 values were underrecorded, but as this is the official statistics, I prefer to keep it. The 1800 estimate
appears to be realistic. No change.
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Cyprus

jump betw. actual
and estimate,
estimate may be too
high

Korea, Rep.

strange drop in the
The UN series show a big fertility drop, to avg. 5.26 level in 1951-1955 while in other
UN data, Rele before sources do not conform this fully, although evidently there is a drop, maybe not as
1950 is probably OK deep. Eg. Kandlah shows 5.4 (1951-55) Rele shows 5.79. The onset of decline is dated
1960-65 by Caldwell. I have added one more row for 1948 with Rele's estimate, and
deleted the three lowest lines (1950-52) from the UN, to correct for the too deep dive,
keeping all other data unchanged. The new sources differ a bit from the old ones (Rele,
UN), but after this correction not s significantly.

Croatia

gap in the data 19241950

Three more values 1947-49 were added. The stat office said they do not have more.

Egypt, Arab
Rep.

outlier 1961, why
lower then UN?

Chesnais data were checked against UN 1954 YB: roughly the same. UN from 1950
includes 6% adjustment upwards. I applied the same for Chesnais data (106% of
published CBR). TFR-CBR conversion rate was similar to UN after 1950, so I left it
unchanged.

additional
literature or
source

Could not find additional data - but estimate referring to Greece is reasonable.
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Albania

very few data, guess
in 1800, but much
better is not
expected

UN 1953 yearbook is about the same as what we already have (Chesnais). Hofsten's
article is specifically for Albania's demography, but the first date is 1938, for which
CBR agrees with ours. Hofsten concludes that there was a pre-transition fertility
increase in Albania. I have modified the estimate for 1800 and 1925 to 4.6 from 5.6,
assuming that low fertility was genuine in 1938, and not-under-reporting, as it was
previously assumed.

Hofsten 1975 pp.
147-158

Malaysia

few data, but, limited
avail. of further data

UN 1953 yearbook is about the same as what we already have (Chesnais). Out of three
additional sources reviewed (Hirschmann, Davanzo, Kandlah) (journal articles) two
indicate lower fertility for 1950 then UN, one indicates about the same. None of the
new sources extend before 1945.
Saw writes that the data do not go back before 1930. The book contains a time series
after that, which is nearly the same as Chesnais. The current data are confirmed, no
change was justified.

1. DaVanzo and
Haaga 1982.
2. Hirschman 1980
3. Saw, SweeHock. 2007

Barbados

outlier 1915, but
possible

Replaced the strange value with a 1916 value in Engerman, this solves the problem.
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

Slovenia

too few data, but
OK

Turned to Stat office of Slovenia. There exists a publication about historic fertility in
Slovenia, with yearly CBR series from 1857. The new data now replace the previous
Princeton data. A country-specific conversion rate was determined from the UN data,
and this rate is used to get TFR.

Rodnost v
Sloveniji od 18. do
21 Stoletja (2006);
Tabela 97 pg 274.
Statistical Office
of Slovenia,
Ljubljana

Venezuela,
RB

large pre-transition
increase or omission
in the data

1. Collver and
Arevalo 1967
2. Stycos 1978
3. Collver 1965
4. Palloni 1990

Guyana

large pre-transition
increase or omission
in the data

Several sources (Collver, Stycos) agree that there was an increase of fertility in many
Latin American countries during the 20st century.
Collver (1965) calculated adjustment factors and published corrected CBRs, adjusting
for under-reporting. The result still shows an increasing fertility after 1935 in a number
of Latin American countries, including Venezuela.
Collver also calculated standardised rates, which filter out changes in age distribution
and sex distribution, and this gives a more flat curve: so the fertility increase was mainly
due to favourable changes in the age composition. (this would not normally effect TFR
only CBR, but the way we calculate it it does) But he also notes that behind this
stability there was a balance of two forces: increasing marital fertility and marriage
postponement.
Included new values from Collver's 1965 book from 1900-1947. Using Collver meant
an adjustment upwards, so probably earlier figures of Chesnais are also too low. I have
deleted Chesnais figures.
The pre-transition increase is in line with the regional literature. The conversion rate
was set to be the same as what the UN is using – this eliminates a big part of the jump
in 1950, because the different conversion caused about 10% shift in the 2009 dataset.
But even in CBRs Engerman shows an increase for Guyana between 1906 and 1950,
from 36,7 to 43. This is now roughly in line with what we have. I took one value from
Engerman (for 1906, pg 513), and used a specific conversion factor (0,155 instead of
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Table 15

Country

Concern regarding
the Gapminder
2009 data

Work done

0,134) and changed the 1800 estimate upwards.

In addition:
Bolivia
Colombia
Ecuador
El Salvador
Guatemala
Honduras
Panama
Peru
Venezuela

Found additional data in Palloni (1990) and Collver (1965) for these countries between
1880 and 1950. I have added these and modified the 1800 estimate accordingly, where
it was necessary.
I have reviewed all Latin American countries, comparing our data to Collver’s series
(eg. For Argentina and Cuba our series were confirmed)
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10 Reasonableness testing
A reasonably narrow interval for TFR can be given for countries where we know that there was no
significant immigration and growth was very slow.
A very simple approach, using the basic idea behind demographic reconstruction methods is as
follows:
Table 16 Death rate – TFR relationship using some simple assumptions (rates are per thousand population)

Growth rate (r)
Death rate (CDR)
Birth rate (CBR)
Conversion
TFR

1
39
40
0.134
5.36

1
41
42
0.134
5.628

1
43
44
0.134
5.896

1
45
46
0.134
6.164

1
47
48
0.134
6.432

The results suggest that assuming very slow growth (0,1% per year) the reasonable range of TFR is for
pre-transition populations with high mortality (39-47 per thousand) is in the range of 5,5-6,5
(rounded up).
This range of death rates (39-47) is reasonable for a pre-transition population in my view. For
example we have looked at India and Mexico.
In India, for the decades with the worst epidemics, death rate was 44 (1891-1901) and 47 (19111921) (Davis 1944). In better (lower mortality) pre-transition years it was 41 (1881-1891). For
Mexico, there are various estimates for the pre-transition death rate for the decades 1900-1909 and
1910-1919, but they range between 34 and 44,6 , while the life expectancy is estimated to be 25-28
years at the same time (Haines and Steckel 2000 pg 604-607). Note that the Gapminder estimate for
life expectancy in Yemen is 33 years from 1800-1913.
The big question is, if we may exclude the possibility of higher then 47 death rate persisting over
decades or not. If we may exclude that (we think so) then the estimates above 6,5 are probably too
high for populations which are not growing substantially.

10.1 Empirical approach to find the long term maximum death rate
We have collected “worst practice” mortality rates from Mitchell (2003). What was the highest
recorded mortality experience for a 5 year period?
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Table 17

Some examples of high mortality periods from Mitchell (2003)
(Crude death rates)
Note: going through the pages of vital statistics, I identified the "worst"
five yearly period, in order to get closer to what is the highest
level of mortality which may be sustained

CDR

1

2

Yearly CDR
3
4

5

AFRIKA
Egypt
Mauritius
South Africa Coloureds

1929-29
1900-04
1940-44

26.44
36.54 36.5 40.4 33.8 40.1 31.9
23.86 22.7 23.8 24.6 23.8 24.4

ASIA
Singapore
Sri Lanka
Taiwan

1900-04
1905-09
1906-09

40.38
40
43 39.4
39 40.5
30.92 27.7 35.1 30.7 30.1
31
32.2
33.4 32.4 31.9 31.1

OCEANIA
Hawaii

1870-74

56.32 64.6 60.2 53.2 53.4 50.2

SOUTH AMERIKA
Chile

Argentina

1850-54
1855-59
1885-89
1890-94
1905-09
1915-19
1860-64

Trinidad and Tobago
Barbados

1885-89
1920-24

29 28.7 27.9 27.3
31 30.1
33.14 33.4 43.3 22.4 37.1 29.5

EUROPE
Russia
Hungary
Finland

1870-74
1870-74
1805-9

37.16
35 37.9 41.2 36.5 35.2
44.54 33.5 40.1 42.9 62.9 43.3
38.4 21.2 21.9 29.2 60.5 59.2

Venezuela
Guatemala

35 (Collver's estimates)
34.7
32.3
28.2
35.4
40.8
31.7

With the exception of Hawaii, in all cases the five year average remains below 50, and 35-40 death
rate is already very high, such high death rate rarely occurred in the periods which are covered by
vital statistics. As some may argue that high mortality correlates with no vital registration, I briefly
looked at England, based on parish registers using the work of Wrigley and Schoefield. In fact, the
same is also true for the CDRs reported for England in the 17th century: CDR fluctuated between 2035 most of the time, only rarely did it go above 40, and then only for a single year.
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Naturally, this could be investigated much more thoroughly. The selection of countries here
introduces a bias: it is likely, that the existence of records correlates with mortality level. It is
possible, that the decease environment in Africa was more severe. But even so the above gives some
indication regarding the reasonable level of long term death rates in pre-transition societies.
Natural fertility
Since Henry, demographers distinguish natural fertility and controlled fertility populations.
Controlled fertility means that couples make a conscious decision to limit family size. To detect the
existence of conscious control, demographers usually look at the signs of “stopping behaviour”:
when fertility drops after the desired number of children is reached Wood (1990). Wood summarized
the range of human fertility as shown in the following figure.
Figure 18

It may be noted that the whole concept is debated: some anthropologists and demographers believe,
that it is not correct to make such strong distinction, and even pre-transition fertility was consciously
controlled (Hirschmann 1994). But even assuming n control, the possible range of fertility is quite
broad (3,5-10, or more narrowly, 4,5-8), due to differences in marriage timing, fecundity, lactation
end so on.
Fertility and subsistence
There is a growing body of evidence from anthropological studies, which report fertility levels for
smaller communities or tribes. Bentley et al (1993) summarizes the literature about natural fertility
populations, considering also the subsistence method. The following chart shows the percentage
distribution of populations by the level of TFR. The result suggest that observations above 7 was rare,
and the 5,5-6,5 range is a better estimate for long term natural fertility. In this study the authors
show that the introduction of agriculturalists has significantly higher fertility than non-agriculturalist,
but this result is debated.
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Figure 19

Fertility and population growth
As Pennington (2001) pointed out, throughout of the history of mankind population growth was
nearly zero, and substantial population growths are a recent phenomenon. How was this low
population growth possible, if fertility was not controlled? Either mortality was exceptionally high,
reducing life expectancy to nearly 20, or fertility was only moderately high – which is more likely. At
the times when population density was low, illnesses could not spread so easily. The more likely
solution to this puzzle is that fertility was only moderately high: either because it was controlled, at
least through social customs, or because fecundity dropped due to illnesses.

10.2 Demographic reconstruction methods
We have used Coale-Demeny (1983) model life tables to reconstruct fertility. The idea behind model
life tables is that if we have a population with stable age-specific fertility and mortality rates, with
zero migration, then after some time the age structure becomes stable. These are the so called
stable populations.
Coale and Demény used a large number of historic life tables to derive four main model life tables,
which represent the usual patterns of human mortality, they called the West, East, South and North
model life tables. They have also calculated tables for stable populations, which link together age
structure, fertility and mortality.
As we have discussed, ideally the population growth, mortality and fertility estimates of Gapminder
should be in accordance. Otherwise it is likely that the fertility figure is not reasonable, because the
other two estimates are less likely to be incorrect.
Within one model like the Coale-Demény Model West to one population growth figure and one
mortality level only one fertility level belongs. In other words, if we have the population growth rate
and the life expectancy, we can determine the TFR. It can be illustrated using Figure 1.
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Figure 20
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The value of r shows population growth per thousand, r=10 means 1% yearly growth rate.
We know that population growth was usually very low before the demographic transition, we may
expect it to be between r=0 and r=5 in most 19th century populations. What is striking here that even
at very high mortality levels (life expectancy e0=20) fertility is only between 6,5 and 7,5 according to
model West, and the other models are similar in this respect.
Model selection
We have used Model West, because this is the most frequent choice in the literature. The following
table shows, that the choice of the model only has a minor effect on the results in this case.
Table 18 How does the choice of model effect the results in case of high mortality – low growth populations

Model assumptions

TFR values in model…
East
South
West

Zero growth r=0
Highest mortality level (e0 female=20)
2nd highest mortality level (e0=22,5)

6.51
5.81

6.73
5.99

6.48
5.77

Highest mortality level (e0 female=20)
2nd highest mortality level (e0=22,5)

7.49
6.69

7.74
6.89

7.45
6.64

0.5% growth r=5

Reasonableness testing using Coale-Demeny Model West
The reasonableness test has been done in the following steps.
1. Calculate long term population growth rate, using Gapminder data
2. Take the estimate of life expectancy from Gapminder dataset (for 1800)
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3. Determine the TFR using model west life table
4. Determine a range for the TFR, assuming 5 years higher and 5 years lower life expectancy
5. Compare with existing estimate and evaluate the result
Calculation of population growth
We have calculated population growth for a long period, using the population indicator of
Gapminder. For example the population estimate for Djibuti almost tripled over the 1820-1950
period, and this corresponds to 0,75% (r=7,5) yearly growth rate, using geometrical average, taking
130th route.
Table 19

Population
Afghanistan
Algeria
Azerbaijan
Djibouti
Georgia
Guinea-Bissau
Iraq
Jordan
Kuwait
Madagascar
Micronesia, Fed. Sts.
Morocco
Nicaragua
Oman
Saudi Arabia
Somalia
Syria
Tonga
Ukraine
Vanuatu

From
year
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1820
1800
1820
1820

Till
year
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950
1950

Open
3,280,000
2,689,000
879,960
22,848
1,072,178
218,167
1,093,000
217,000
81,280
1,683,000
16,416
2,689,000
186,000
318,000
2,091,000
1,000,000
1,337,000
18,658
11,215,490
27,791
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Close
8,150,368
8,892,718
2,885,332
60,036
3,515,602
573,268
5,163,443
561,254
144,774
4,620,437
30,715
9,343,384
1,097,916
488,588
3,859,801
2,437,932
3,495,000
45,744
36,774,854
52,000

time
(years)
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
150
130
130

incr
1.0070
1.0092
1.0092
1.0075
1.0092
1.0075
1.0120
1.0073
1.0045
1.0078
1.0048
1.0096
1.0138
1.0033
1.0047
1.0069
1.0074
1.0060
1.0092
1.0048

r
7.0
9.2
9.2
7.5
9.2
7.5
12.0
7.3
4.5
7.8
4.8
9.6
13.8
3.3
4.7
6.9
7.4
6.0
9.2
4.8
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10.3 Results
The countries which we reviewed are listed in the table below, together with the results of the
calculations. Yemen was excluded, as we already excluded the estimates for Yemen.
Most of the values are outside of the reasonable range. This means that even if the life expectancy
figure is 5 years lower than in the Gapminder dataset, the fertility estimate we have in the
Gapminder 2009 dataset would produce a higher growth, than what we actually see. In other words
the fertility estimate is not in line with our population and life expectancy estimates, but higher.
In some cases we could find additional data which help to resolve this problem, but in most cases the
selected countries are such that they had no vital registration or reliable census before WWII.
In the “Action as a result” column we show what change has been implemented in the Gapminder
2010 dataset, compared to the Gapminder 2009 dataset, in case of the given country. In a number of
cases we have deleted all estimates before 1950, because the reasonableness test indicates that the
estimates were too high, and we had no exact way of determining, how much lower they should be.
In some other cases an expert estimate was found which confirmed the estimated level of pretransition fertility, and this is indicated with an “OK” in the action column, while the source of the
estimate is referred to in the last column. Finally, in a few cases which are indicated as “corrected”
additional literature has been found which has helped to refine the estimates.
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Table 20 The result of reasonableness testing

Nr Country
40 Afghanistan

Input from other
Gapminder
indicators
Estimate
for pretransition
LE
r
28
7.0

Estimates using "model west"
stable populations
TFR in 1800,
Gapminder
in
2009 data
Gapminder TFR TFR TFR
within
2009
mid high low
range?
7.7 5.7
7 4.4 No

Action as a
result
deleted the
estimates

Note regarding additional literature /
solution
Islam

50 Algeria

29

9.2

7.3

5.9

6.9

4.9 Nearly

deleted the
estimates

Islam

37 Azerbaijan

30

9.2

8.1

5.7

6.7

4.7 No

Ok

38 Djibouti

30

7.5

7.8

5.4

6.5

4.3 No

deleted the
estimates

Lutz et al (1994) estimate for 1900 repeated
for 1800. The estimate was kept, as it is
based on an expert estimate of pretransition fertility, not solely on backprojecting 1950 UN data. Although it is way
out of the range, the mortality could be
lower / population growth higher then
shown here – as this may be classified as a
frontier population.
Islam

39 Georgia

30

9.2

7.8

5.7

6.7

4.7 No

Ok
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Lutz et al (1994) estimate for 1900 repeated
for 1800. The estimate was kept, as it is
based on an expert estimate of pretransition fertility, not solely on backprojecting 1950 UN data. Although it is way
out of the range, the mortality could be
lower / population growth higher then
shown here – as this may be classified as a
frontier population.
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Table 20 The result of reasonableness testing

Nr Country
45 Guinea-Bissau

Input from other
Gapminder
indicators
Estimate
for pretransition
LE
r
29
7.5

Estimates using "model west"
stable populations
TFR in 1800,
Gapminder
in
2009 data
Gapminder TFR TFR TFR
within
2009
mid high low
range?
7.4 5.6 6.7 4.5 No

Action as a
result
deleted the
estimates

Note regarding additional literature /
solution
we only have UN, other study was not found

4.8 Nearly

deleted the
estimates

Islam

4.1 No

deleted the
estimates

Islam

4.4 Nearly

deleted the
estimates

Islam

49 Iraq

31

12.0

7.3

5.9

7

46 Jordan

32

7.3

7.4

5.1

6.1

53 Kuwait

26

4.5

7.2

5.7

7

48 Madagascar

30

7.8

7.3

5.5

6.6

4.4 No

deleted the
estimates

Garenne 2008

57 Micronesia, Fed.
Sts.

25

4.8

7.2

5.9

7.3

4.5 Yes

corrected

New estimate, based on the article TFR 6.02
for 1800 and 1925; Pirie 2000

59 Morocco
56 Nicaragua

33
25

9.6
13.8

7.2
7.2

5.4
7.6

6.3
9.4

4.5 No
5.8 Yes

delete
ok

Islam
We know very little about historic fertility
levels. In Collver (although it has some good
data for other countries) I could not find
much data before 1950. For 1900 he
estimates CBR=46, I am now using this as a
new estimate, also extrapolating backwards.

54 Oman

32

3.3

7.2

4.6

5.2

4 No

deleted the
estimates

Islam
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Table 20 The result of reasonableness testing

Nr Country
55 Saudi Arabia

Input from other
Gapminder
indicators
Estimate
for pretransition
LE
r
32
4.7

Estimates using "model west"
stable populations
TFR in 1800,
Gapminder
in
2009 data
Gapminder TFR TFR TFR
within
2009
mid high low
range?
7.2 4.7 5.3 4.1 No

Action as a
result
deleted the
estimates

Note regarding additional literature /
solution
Islam

51 Somalia

29

6.9

7.3

5.7

6.8

4.6 No

deleted the
estimates

Islam

52 Syrian Arab
Republic

31

7.4

7.3

5.3

6.2

4.4 No

deleted the
estimates

Islam

47 Tonga

25

6.0

7.3

6.2

7.7

4.7 Yes

corrected to
6.5

Expert estimate: TFR 6.5 around 1950
Khalidi 1995 pg 28

43 Ukraine

37

9.2

7.5

4.8

5.4

4.2 No

ok

42 Vanuatu

25

4.8

7.7

5.9

7.3

4.5 Yes

corrected

Lutz et al (1994) estimate for 1900 repeated
for 1800. The estimate was kept, as it is
based on an expert estimate of pretransition fertility, not solely on backprojecting 1950 UN data. Although it is way
out of the range, the mortality could be
lower / population growth higher then
shown here – as this may be classified as a
frontier population.
Correct to 6.6 based on pre-transition level
estimate by Lucas and Ware, (1981) pg 306
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