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Abstract 
 
Despite some disagreements about specific timing, it is now widely accepted that France was 
the first European country to experience a systematic decline in fertility, a decline that took 
place in a very distinctive geographical pattern.  Whereas two areas of low birth rates (the Seine 
valley and the Aquitaine region) kept spreading, two ‘islands’ of high fertility (Bretagne and the 
Massif Central) shrank until they more or less disappeared in the early 1900s.  In an attempt to 
provide a sensible explanation of this pattern, we build an agent-based simulation model which 
incorporates both historical data on population characteristics and spatial information on the ge-
ography of France, and allows us to study the role of social influence in fertility decisions.  We 
assess how different behavioural assumptions and network topologies cause variations in diffu-
sion patterns, using quantitative data on the Ecclesiastical Oath of 1791 to proxy for the impact 
the Revolution had. Analysis of several simulations shows that a combination of both endoge-
nous and exogenous factors help to explain the way in which the diffusion took place and sug-
gests some of the mechanisms through which this was materialised. 
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1.  INTRODUCTION 

 

France was the first country in Europe to experience a systematic fall in birth rates in the nine-

teenth century, but at least two further features make the French fertility decline particularly 

noteworthy: how long it took and how persistent internal heterogeneity was throughout.  The 

uneven development of fertility rates took place in a quite distinctive geographical pattern, 

where two clear areas of low fertility (the Seine valley and the Aquitaine region) appeared to 

spread their influence while two ‘islands’ of high fertility (Bretagne and the Massif Central) 

kept shrinking until they more or less disappeared in the early 1900s.  Standard quantitative 

analyses have shed light on some of the factors driving this dynamic [e.g. Weir, 1983; Watkins, 

1991; Murphy, 2008], but to better understand the mechanisms underlying this apparent diffu-

sion we need other tools.  In an attempt to advance the understanding of this salient feature of 

the French fertility decline, we present an agent-based simulation model which incorporates 

both historical data on population characteristics and spatial information on the geography of 

France, and assess how different behavioural assumptions on social interaction might have af-

fected variations in the patterns followed by fertility rates.1  

 

The model incorporates two components normally neglected in the literature.  On the one hand, 

it introduces the role of social influence in fertility decisions, as hinted by recent studies [e.g. 

Kohler, 2001].  Whatever their desired family size is, couples do not want their actual family 

size to be too far from that of their neighbours, and they will look at them when deciding the 

number of children they will have.2  This sets up an endogenous process of social influence that 

I investigate by introducing different assumptions on the strength of that influence.  We also 

bring in the effect of the French revolution.  The simultaneity of the onset of the decline with 

the events that took place since the summer of 1789 is quite suggestive already, but an increas-

ing literature is now pointing towards a more regular connection between social upheavals and 

fertility decline [Binion, 2001; Caldwell, 2004; Bailey, 2006].  Building on these studies, we in-

troduce the revolution in the model as a heterogeneous, exogenous shock to population dynam-

ics.  Individuals in more ‘progressive’ départements are more likely to be affected by a shock 

that makes them want to have fewer children,3 and we use département level quantitative data 

                                                 
1 In that sense, the paper connects with the literature that instead of focusing on why there was a fertility 
decline it is more concerned with how it took place [e.g.  Bocquet-Appel and Jakobi, 1998] 
 
2 There are potentially many reasons why this might be the case.  Kohler suggests, for example, that the 
presence of positive externalities in adopting low fertility makes that decision a coordination problem 
[Kohler, 2001: chapter 5].  
 
3 This also goes in line with the observation of Weir that the fertility decline was the consequence of the 
effort of an efficient group and not the gradual reduction of the whole population [Weir, 1983: 104; 
1984b: 612]. 



 

on the Ecclesiastical Oath of loyalty to the Revolution of 1791 [Tackett, 1986] to proxy for the 

percentage of agents switching to this new status.  The assumption we make here is that the pro-

portion of priests swearing the Oath reflects the proportion of the population adhering to more 

modern or secular attitudes, or to the general ideas or policies of the revolution.  For the sake of 

simplicity, the model takes as exogenous the maximisation process carried out by individuals 

when deciding their fertility rates.  This is not a costless stylisation, as the factors driving the 

decline could be important in understanding the dynamics, but the extensive literature on these 

factors [e.g. van de Walle, 1976; Flandrin, 1979; Weir, 1983, Murphy, 2008] allows us to hy-

pothesise about them; the aim of the model proposed here is rather to study factors that are nor-

mally neglected in standard approaches (such as social interaction and geographical diffusion) 

trying to keep the assumptions as simple as possible.  In that way this paper attempts the diffi-

cult task of bridging two recently developed lines of research using agent-based simulation, a 

quantitative technique that only lately has gained a space in the toolkit of the social scientist as 

computational limitations that used to impede its extensive use are now slowly becoming less 

relevant [Axelrod, 1997, 2005; Arthur, 2005; Hedström, 2005; Gilbert, 2008; Gilbert and 

Troitzsch, 2005; Tesfatsion, 2005].  

 

As a preliminary approach to a new methodology, the aims of this paper are rather modest in 

terms of explanatory power.  The model developed here is relatively naïf and, in its simplicity, it 

does not incorporate many potentially relevant components.  It addresses a relatively simple 

question: does a model that includes some sort of social interaction and incorporates the impact 

of the revolution perform better at predicting the evolution of fertility rates than a model that 

does not?  The results we obtain here suggest a positive answer.  Simulations where personal 

choices dominate the model dynamics are able to mimic well the aggregate behaviour of the 

population growth, but not so well that of fertility; however, when social influence is brought in, 

the fall in birth rates resembles better the actual decline, especially when the impact of the revo-

lution is allowed to spread across the population.  The model also performs reasonably well at 

micro level, suggesting that the choice of the proxy for the ‘modernisation factor’ is a good one.  

Although the model fails to fully capture the impact on the départements leading the decline, 

simulated fertility trends –and in many cases levels—follow actual patterns in intermediate ar-

eas, and in those that lagged behind in the demographic transition.  Overall, this simple model 

provides new insights into an old problem and serves as a benchmark to assess alternative be-

havioural hypotheses.  Perhaps more importantly, the exercise here shows that the approach of 

agent-based simulation offers a promising way of relating formal economic models to empirical 

facts in situations where the latter are relatively limited, unfortunately too often the case in eco-

nomic history. 

 



 

 

2.  UNDERSTANDING THE PUZZLE 

 

The decline of fertility in Europe is one of those momentous events in human history that, de-

spite a considerable amount of research in the area, still remains poorly understood.  From the 

early attempts of the demographic transition theory to the monumental European Fertility Pro-

ject, our understanding of demographic dynamics has increased considerably,4 yet little consen-

sus has been reached and the renewed interest triggered by the unified growth debate [Galor and 

Weil, 1999, 2000] calls for a re-evaluation of what we know about the topic.  Records available 

suggest that throughout medieval and early modern times families all over the continent were 

quite large.5  If the early twentieth century encountered more often than not families consisting 

of just two or three children, it is because at some stage in the nineteenth century different areas 

began to show a more or less steep, but definitely steady decline in birth rates.   

 
Figure 1.  Crude birth rates (births per 1000 population) for selected European countries, 1770-1900 
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Sources:  For France, INED [1977: 332-333]; Wrigley and Schofield [1981: 531-535] for England and Wales; for Swe-

den, Denmark, and Finland, Gille [1949: 63] and Chesnais [1992: 518-541]. Values are 5-year averages, cen-
tred in the year. 

                                                 
4 Much has been written on the demographic transition and the fertility decline, and there is no lack of 
pieces trying to make sense of that voluminous literature.  Some outstanding examples include the work 
of Kirk [1996] on demographic transition theory, and that of Saito [1996] on historical demography, 
which effortlessly discusses the achievements of the French school started by Louis Henry, to the contri-
butions of the Cambridge Population Group, and the monumental Princeton Project [Coale and Watkins, 
1996].   
 
5 Total fertility rates generated from age-specific rates tables [Flinn, 1981] suggest a woman married be-
fore her twenties would have seven to nine children during her life.  The presence of the European mar-
riage pattern [Hajnal, 1965] brought down that number for the average family, but households of four 
children or more were most likely the norm rather than the exception. 
 



 

 

Crude birth rates in Figure 1 illustrate some of the different national experiences.  Before 1800 

there was some diversity across regions, but the levels did not show any clear trend.  By the 

second half of the nineteenth century, however, declining trends are already in motion.  This 

macro perspective already provides a reason why France, leading the decline at a slower pace by 

almost half a century, is one of the most interesting cases.  A closer look at what was happening 

within the country only makes this case even more puzzling.  Systematic historical information 

on fertility rates covering different geographical areas for the whole country is available at dé-

partement level.6  The best estimates we have so far during the nineteenth century correspond to 

the Princeton indexes as calculated by van de Walle [1974] for the Ig index of marital fertility 

(beginning in 1831),7 and by Bonneuil [1997] for the If  index of overall fertility (beginning in 

1806). 8  These estimates are available every five years and we have plotted some selected dates 

corresponding to the nineteenth century for each index in Figures 2 and 3.  The story conveyed 

there is quite telling.  Although addressing two different populations of reference,9 both series of 

graphs indicate more or less the same pattern.  Looking at the index of marital fertility is of par-

ticular interest because, by focusing on the group at higher risk of procreating, it reflects more 

clearly how intensively control might have manifested.

                                                 
6 Départements’ total number and actual shape fluctuated with the gain or losses of nineteenth century 
wars but, except perhaps for the Paris area, their general pattern today differs little from that of 1790, 
when they were created.  During the nineteenth century their total number fluctuated between 86 and 90. 
 
7 These values also appeared in the main publication of the European Fertility Project, Coale and Watkins 
[1986], from where we obtained them.   
 
8 These indexes of marital fertility were developed in the context of the European Fertility Project [Coale 
and Watkins, 1986] and the unit of reference chosen was the biologically maximum fertility attainable.  
They are defined as: 
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Where the numerator is number of births in year t (only legitimate ones with the superscript m), Na,t is the 
number of women of age a in year t, ma,t is the proportion of women of age a actually married in year t 
and ha is the rate of childbearing of married Hutterites at age a.  Considering that Hutterite fertility estab-
lishes a proxy for the ceiling of what is biologically possible (they are an Anabaptist sect that adheres 
scrupulously to precepts forbidding the practice of contraception or abortion, and their mothers do not 
nurse their infants more than a few months, so they have the highest fertility rates recorded to date), Ig 
represents the proportion of births with respect to the maximum biologically attainable given the age 
structure of married women. 
 
9 Numerator is perhaps very similar, as one is the number of legitimates births and the other the total 
number of births (which differed by 2% to 5%), but denominators might have differed greatly as one con-
siders the potential fertility of married women, and the other the potential fertility of all women of child-
bearing age. 
 



 

Figure 2.  Marital fertility index (Ig) in France for each département, 1831-1911 
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Sources: Maps are ours, constructed using data from Coale and Watkins [1986: 94-107]. 

 



 

Figure 3.  Overall fertility index (If) in France for each département, 1811-1891 
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Sources: Maps are ours, constructed using data from Bonneuil [1986: 197-205]. 

 

 



 

 

All throughout the period it is easy to see –quite distinctively– at least two zones of low fertility, 

in the valley of the Seine (the Bassin Parisien) and the region of Aquitaine (the Bassin 

Aquitaine, in the south-west), increasingly spreading while the two ‘islands’ of high fertility, the 

region of Bretagne in the north-west and the Massif Central in the centre-south-east, keep 

shrinking.  As early as 1831, for example, one can find départements with indexes below 0.40 

(evidencing clear fertility limitation), such as Gironde, Lot-et-Garonne or Eure, whereas as late 

as 1911 places like Finistère or Côtes-du-Nord were resisting change and still had indexes above 

0.70 (showing little or no limitation at all).  The index of overall fertility is relatively small eve-

rywhere because it takes as a reference the whole female population of child-bearing age and 

not only those married.  Here it is interesting to note that Bretagne performs quite high with 

both indexes, indicating that married couples had large families and women were married at a 

quite young age.  This does not seem to be the case with the Massif Central where high marital 

fertility seems to be sustained by a smaller number of married women, though north of that area 

a few départements also have a relatively high number of women married at a young age.  

 

The maps suggest a (slow) process of diffusion from the Parisian and Aquitaine basins towards 

these ‘islands’ of high fertility, making France stand again in contrast with other European re-

gions where such a process was either too fast,10 or not obvious at all.  Here the comparison 

with England, the new industrial economy across the channel, seems inevitable (although it 

should be taken cautiously, as the size of the region is only half of the French one in terms of 

population).  Regional comparable data is available only after 1851 but, then again, England ar-

rived quite late in the fertility transition.  Figure 4 below shows a clear contrast with the French 

case.  Throughout the five decades displayed it is quite difficult to say whether a particular re-

gion behaved as a leader and another as a follower.  Changes in fertility seem to be pretty ho-

mogeneous across the country and at best it is pretty hard to say at any time that there is a clear 

heterogeneity among counties.11  If there was a process of diffusion taking place in England, it 

was indeed much faster. 

 

                                                 
10 As suggested in the case of England by Bocquet-Appel and Jakobi [1998]. 
 
11 If English counties were larger (as a percentage of England) than the French département they might be 
hiding some heterogeneity and look more homogeneous. Nevertheless, they are not. In the early 1870s, if 
we take out London (as it is a clear outlier), both France and England had two large administrative areas 
(Seine and Nord, and Lancashire and West Riding in Yorkshire) and the rest were distributed in a pretty 
similar way. If anything, French départements were larger in size (an average of 387  thousand individu-
als -s.d. 150.3-, versus 304 in England -s.d. 173.7-), so they might be hiding more heterogeneity [English 
data comes from Mitchell, 1988: 30-31]. 
 



 

Figure 4. Marital fertility index (Ig) in England for each county, 1871-1911  
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Sources: Maps are ours, constructed using data from Coale and Watkins [1986: 88-93]. 
 

 



 

3. SOCIAL INTERACTION AND DIFFUSION 

 

Both the presence of clustering and the spatial evolution of rates described so far points towards 

diffusion as an appealing way of describing what happened in France,12 but it is certainly not the 

only plausible way to understand the evidence.  One of the problems is that data limitation does 

not allow assessing whether what we see is the beginning of the story or a situation where things 

were already in motion.  By 1831 there is some degree of heterogeneity within France, but we 

can only speculate on whether that heterogeneity was (at least partly) already present there in 

the eighteenth century or not.  Henry and Houdaille indeed found in their analysis of the INED 

sample that there were some regional differences, though age of marriage still largely appeared 

to explain fertility levels [Henry, 1972, 1978; Henry and Houdaille, 1973; Houdaille, 1976].  

One of the arguments that could be built is that what goes on during the nineteenth century re-

sults from a process of (downward) homogenisation motivated by a change affecting the whole 

of the country as, for example, the introduction of the Napoleonic Code as originally suggested 

by Le Play [1874].  But, under the hypothesis of homogenisation to a lower fertility level, we 

should see a declining mean fertility and a declining variance among départements, while under 

the hypothesis of diffusion, mean levels should also decline, but population heterogeneity must 

first increase and then decrease.  In Figure 5 we plot a time series of the mean and the coeffi-

cient of variation across départements for the time since we have some data available.   

 

The mean level of fertility is indeed falling as expected, until it stabilises around 0.32, a value 

that is maintained at least until the mid-twentieth century.  The other line, which plots the values 

for the coefficient of variation for all départements, describes the evolution of heterogeneity.  It 

clearly depicts an upward trend throughout the nineteenth century, sharply falling around the 

turn of the century, and falling further, reaching values of 0.13 for 1961.13   Heterogeneity across 

départements in marital fertility was not the greatest in the early nineteenth century, but towards 

the end of the century.  It is certainly possible that differences in fertility levels existed before-

hand and that these differences were rooted in socio-economic differences across the regions, 

                                                 
12 Systematic clustering is an indication that a feature of some areas is contaminated to other areas as a 
contagious virus.  If contraception does not behave like a virus, we should expect to see départements 
randomly distributed in terms of fertility level [Bocquet-Appel and Jakobi, 1998: 190]. 
 
13 When doing the same exercise for England one can be even more conclusive about the presence of dif-
fusion, though it does seem to take place not only later, but at a faster rate.  The level of the coefficient of 
variation remains constant until 1881, the ‘bell’ of diffusion takes barely more than half a century (versus 
a whole century for France) and the whole process does not drive the coefficient of variation above 0.15, 
when in France it is always above 0.19.  More sophisticated analyses suggest similar conclusions, as in 
Bocquet-Appel and Jakobi [1998]. 
 



 

but the discussion in this section suggests that even if that is the case something was diffusing 

throughout the nineteenth century that was somehow correlated with fertility. 

 
 
Figure 5.   Mean and coefficient of variation of marital fertility (Ig) within departments, 1831-1921  
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Sources:  Our calculations, using data in Coale and Watkins [1986: 94-107].  Arrows indicate axis of reference. 
 

 

Economists look at diffusion stories of the fertility decline with scepticism [e.g. Brown and 

Guinnane, 2007], as diffusion appears to be somewhat at odds with the adaptation hypothesis, 

which is grounded on the idea that people are rational,14 but this does not need to be the case.  

One of the simplest ways to interpret the presence of diffusion of family limitation is associated 

with the appearance of a new contraceptive technique.  There are at least a couple of reasons to 

think this is not a crucial reason behind the French case.  The first is that there is no clear evi-

dence that a new contraceptive technique was instrumental in driving fertility down.  Most fam-

ily planning techniques used during the nineteenth century (basically coitus interruptus and 

abortion) were extensively known before then [McLaren, 1978, 1990; Van de Walle and 

Muhsam, 1995].  The second reason is that such diffusion (i.e. that of knowledge) is expected to 

be relatively fast, and that was not the case in France.   

 

Knowledge about contraception is, however, not the only thing that could diffuse, and the litera-

ture well recognises this point [Pollak and Watkins, 1993: 471-472].  One of the things that 

                                                 
14 This is particularly true if we understand diffusion in a horizontal rather than a vertical sense.  A par-
ticular trait could diffuse in many different ways, at least vertically (from one social strata to another), 
horizontally (from one place to the other), or both [Bocquet-Appel and Jakobi, 1998: 181-182].  



 

could be diffusing is the notion of fertility control, or numeracy about children [van de Walle, 

1992].  It might well be that in societies where traditionally control was lacking (for example, 

because for generations having as many children as possible was a reasonable strategy anyway), 

the idea that the number of children is something over which one could exercise some control is 

not obvious and this could take some time to be assimilated.  The other is preference for a dif-

ferent family size.  In some situations fertility control might begin to make sense economically 

for a particular community, but some degree of uncertainty on how that strategy would impact 

on individual couples could make them reluctant to pursue it (waiting for others to pursue it 

first).  In either case, as people tend to be conservative and avoid change [Edwards, 1968], some 

sort of diffusion would manifest and, in these cases, it might spread more slowly than technol-

ogy.   

 

A corollary of this is that, even without the appearance of a new contraceptive technique, we 

may still find some kind of diffusion.  The results of the European Fertility Project go roughly in 

this direction, as they suggest that things like linguistic differences explain a substantial part of 

the fertility variation [Knodel and van de Walle, 1979: 239].  This does not deny the possibility 

that economic factors might indeed play a role in the decline of fertility, as there might be a 

change in preferences triggered by economic factors that takes time to spread.  But, especially in 

the early stages of the fertility decline, the interplay between economic and cultural factors was 

probably not trivial.  Most decisions about family behaviour are heavily embedded in tradition 

and more often than not reflect some degree of path-dependency.  The relevance of diffusion ef-

fects in understanding the dynamics of fertility decline is now gaining some support in the lit-

erature [Mason, 1997] and several recent papers have began to explore this line of research 

[Rosero-Bixby and Casterline, 1993; Montgomery and Casterline, 1993, 1996; Montgomery et 

al., 2001].  Most notably Kohler [2001] provides a full formal model rooted in micro-

foundations where social interaction affects rational, utility maximising couples that face the 

possibility of adopting low fertility.  Social interactions give “rise to multiple equilibria that im-

ply a Malthusian ‘high-fertility trap’, and a population can be stuck in an inefficient situation 

with high fertility although a sustainable fertility decline with higher individual welfare is pos-

sible” [Kohler, 2001: 185].  The source of these multiple equilibria are to be found partly in the 

presence of a coordination problem: the benefits of choosing low or high fertility are dependent 

on the unknown fertility choices of others, hence expectations are a relevant component of the 

equilibrium selection.  If these expectations show any degree of hysteresis (e.g. if they are adap-

tative), deviations could come from either a radical change in conditions that individuals could 

easily identify with a change in expectations (as maybe was the case with the Industrial Revolu-

tion), or from a shock that directly affected these expectations (for example, if a local social 

leader is actively promoting some sort of fertility control).  



 

 

In what follows we propose a simulation model that, though not within the overlapping genera-

tion framework proposed by Kohler, it maintains in spirit the main characteristics of his argu-

ment.  There, agents look at their environment and consider the choices of other agents at the 

moment of making their own fertility choices.  The role of an event like the French revolution is 

to change the expectations of agents, which then finally consider the possibility of aiming for a 

low fertility level. 

 

 

4.  THE SIMULATION MODEL 

 

Agent-based simulation offers a new approach to the problem of social influence because it 

opens an experimental space to analyse the relationship between individual behaviour and the 

emerging collective patterns.  Simulation experiments allow a systematic analysis of how col-

lective regularities change when the rules guiding individuals’ behaviour are modified [Gilbert, 

2008].  In doing so, agent-based models contribute to open the ‘black box’ in many econometric 

models, which do not deal with the generative mechanisms that underlie the patterns they de-

tect: statistical relationships hint at possible explanations, but they do not provide the explana-

tion themselves [Hedström, 2005: 23].  This is the gap that agent-based models contribute to fill 

in by using the interactions between agents as the basic building block of its dynamics and pro-

ducing outcomes at the collective level that can be contrasted, and validated, with the empirical 

trends.  As with any other modelling technique, the key in using agent-based simulation is to 

find the right trade-off between an accurate description of the world and the necessary simplifi-

cation that requires modelling it [Axelrod, 1997: 5]; but unlike econometric approaches, the 

logic of agent-based simulation allows a richer exploration of the complex link between the in-

dividual and the social, that is, of how small changes in the interaction of individuals can gener-

ate significantly different social outcomes [Hedström 2005: 75].  Because of this, this tool of 

analysis is especially attractive for the development of demographic models [Billari and 

Prskawetz, 2005]. 

 

The model here is an attempt to formalise the rules of behaviour that underlay the uneven demo-

graphic transition in France, keeping in mind the recent discussion about the impact of social 

interaction on fertility choice.  In doing so, it explicitly focuses on some aspects of the process 

and disregards others.  The main experimental aim is to analyse the correspondence between 

behavioural assumptions at the level of individuals’ interactions and the diffusion of fertility 

rates over space and time.  In that sense, the model treats the evolution of family size as the de-

pendent variable and the demographic and geographical constraints, calibrated empirically, as 



 

controls; the explanatory factors are the rules that determine how agents influence each other.  

The model will also evaluate how these rules of social influence interact with the exceptional 

impact of the revolution, which is treated as an exogenous shock to the dynamics of the model.  

Ultimately, the model is intended as a ‘middle range’ simulation [Gilbert 2008: 42], as we ex-

pect to find qualitative resemblances between the dynamics of the model and the observed dy-

namics, and a similar distribution of outcomes.  The simulation is intended to cover the histori-

cal period between 1740 and 1900, and the connection of the model with empirical data is done 

in at least two levels: in the initial demographic set-up, by defining how many agents of each 

class are in a particular place; and in part of its dynamics, by defining how likely it is for an 

agent to die at different stages of its life and how likely it is to die with no offspring at all.  

 

Agents in this model are born to reproduce.  From the moment they are created they have an in-

clination to have a certain amount of children, but they can actually have them only when they 

reach a mature age, and they do so at a rate of one child per period.  For the sake of simplicity 

we have abstained from gender distinctions and marriage dynamics (agents can be interpreted as 

the female part of the population), but allowed them to live for fifteen periods.  To facilitate 

comparison with demographic data, agents are classified into different groups of ‘age’: new-

borns, young1 to young3, mature1 to mature5, and old1 to old6.15  Agents have two attributes 

associated to their age: the probability of death, a rate that is determined empirically; and fertil-

ity, which results from rules endogenous to the model.  Only agents classified as mature are able 

to create new agents and therefore reproduce the population.  The particular characteristic that 

we give the agents is that they do not only consider their own inclination to have children, but 

also the desired offspring of their neighbours.  In other words, the number of offspring agents 

will create is a function of the number of offspring they and their neighbours want to have.  In 

order to decide the number of offspring they want to have, mature agents are endowed with the 

following decision rule:  
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When the agent becomes mature at time t, she establishes her desired number of offspring ( ,
m
i ty ) 

by considering not only her own inclination to have children (zi), but also the average desired 

offspring (
, 1

m
j ty −

) of all those agents that were mature in the previous year and are relatively close 

                                                 
15 The five-year ranges are standard in demographic analysis and allow a straightforward association with 
empirical data such as mortality rates. 
 



 

to her.  Own inclination is determined by a normal distribution with mean μ and standard devia-

tion σ, parameters that are inherited from her mother.16  We distinguish two levels of impact of 

the environment, that generated by np neighbours and that by nv extended neighbours.  Figure 6 

illustrates this. 

 
Figure 6.  Agent’s neighbours in the grid 

 
 
 
 
 
 
 
 
 
 
 

The landscape agents populate is modelled as a grid. Various agents can cohabit in the same cell 

and it is the influence of these agents that the parameters α and β capture: they determine the 

relative weights of the desired offspring of an agent and that of its neighbours, respectively, and 

they provide the basic experimental space of the model.  Basically, the larger the value of α, the 

more weight agents will give to their own preferences, and the less vulnerable they will be to 

social influence.  On the other hand, the larger the value of β, the more relevant the neighbours’ 

inclination will be to determine an agent’s decision.  Finally, the lower α becomes with respect 

to the same β, the more relevant the extended neighbourhood will be in influencing an agent.  In 

a nutshell, these parameters regulate the scope of social influence and it is by tuning their values 

that the simulation tests to what extent social influence affects the collective outcomes.   

 

To make the model resemble reality we incorporated some of the things we know about the ge-

ography and demographic history of France in the set-up of the environment where the agents 

interact.  The space that agents occupy is a grid that reproduces the map of France.17  The simu-

lation starts with roughly 100,000 agents which are placed on the grid following some empirical 

guidelines.  Due to the lack of estimates about the amount of people in the different age groups 

                                                 
16 From this formulation it is clear that we are treating fertility choice more or less as a black-box.  Given 
the complexity of making all agents simultaneously choose the fertility level, making them assess other 
variables such as income, education levels, or mortality rates could increase computational costs enor-
mously, but that is not technically impossible and future research could address this.   
 
17 Each cell in the grid represents roughly 100 square kilometres (i.e. roughly a 10x10 km area), and there 
are a total of 5308 cells. 
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for each département around 1740 (let alone for every other 100 square kilometres), we had to 

make some assumptions.  Henry and Blayo have estimated age pyramids for early modern 

France and we have taken as reference the one corresponding to 1740 [Henry and Blayo, 1975: 

92-93].  Figure 7 shows the correspondence between our set-up of the model and actual data.  

As can be seen there, the resemblance is rather good.18  We are making the assumption, here, 

that this relationship among ages remains more or less constant throughout France, which is 

probably not the case, but this is not a major drawback for the purposes of the model.   

 
Figure 7.  Comparison between empirical age structure and that of the simulation 

 

 
 
Notes:  The axis in the bottom indicates the proportion of each age-group with respect to the total population. Actual 

data for 1740 France comes from Henry and Blayo [1975: 92-93].  
 

Population densities provide a second anchoring point between the set-up of the model and ac-

tual data.  The earliest year for which we have some information about population density is 

1801 [Service de la Statistique Général de France, 1878], and agents are distributed in the grid 

according to these data. Basically, we considered the population of each département and that in 

their major cities and produced a rough estimate of the proportion of the total population living 

in a particular geographical area.  We applied this proportion to the initial 100,000 agents to fig-

ure out how many agents to put in any square of the grid, and we did so following more or less 

the age structure described before.  The map in figure 8 shows how this was done. 

 

                                                 
18 If anything, only for the oldest population are there some substantial differences because, for simplicity, 
in the simulations we allow agents to live only until they are 75.  Since most of the relevant action is tak-
ing place for younger ages, this should not be a substantial problem. 
 



 

Figure 8.  Population density in the artificial society 
 

 
 
Notes:  Population density as simulated in the model; darker patches are more populated.   

 

According to this initial set-up, not all agents will eventually have children.  After Hajnal’s 

seminal contribution [Hajnal, 1965] it is a more or less agreed that Europe was characterised by 

a particular marriage pattern, where women married late and some did not marry at all.  We fol-

low here the estimates of Weir [1994] for the proportion of women married by age-group.  As 

expected, these proportions do not remain completely constant over the whole period under 

study here, but they are more or less stable until the beginning of the second part of the nine-

teenth century.  The values we picked are the average proportion of unmarried women for the 

1740-1850 period: 72%, 43%, 28%, 23%, and 22% for each age group corresponding to ma-

ture1 to mature5.  Another thing that is relevant when modelling this type of demographic proc-

ess is to take into account the role of decreasing fecundity with age, or lack of fecundity.  Al-

though male sterility is not uncommon, it is normally female sterility that is more binding and 

this is present in at least three forms.  From the time they are born, women are sterile until they 

reach menarche around the mid-teens.  For simplicity, in the model we assumed that only from 

the mature state are agents going to have children, so we are implicitly considering that all 

agents are sterile (or unmarried) until then.  Then, we could distinguish primary sterility, which 

is for women that can never be fecund, and secondary sterility, which kicks off at some stage 

after being fertile for a period [Boongarts, 1975: 293].  There are different biological factors af-

fecting both types of sterility, so estimates could vary between populations considerably, and it 

is often difficult to disentangle from historical data sterility from actual contraception, espe-

cially for younger ages.  Hence, we take the conservative approach of assuming no primary ste-

rility at all, and secondary sterility affecting only the last two groups of matures.  For this, we 

take as reference Henry’s estimates for a series of European populations in the modern period 



 

[Henry, 1961: 85] as upper-bounds and impede procreation of 15% of mature4 and 30% of ma-

ture5 (that might be married or not).  With these data we obtain a series of expected proportions 

of agents in the risk of having children.  Following this rule, mature agents can generate new 

agents until they reach the number determined by the behavioural equation or until they enter 

the old category.   

 

The simulation runs for a total of 36 periods, each representing five years, starting from 1720 

and stopping in 1900.  Every time step, agents move upwards in the age scale.  Once an agent is 

born, it will live for up to 15 periods, although random agents in all categories can disappear at 

any time in proportion to the mortality rate attached to their age.19  The simulation keeps track 

of the number of agents in each age group; it also records the number of offspring that agents 

want to have and calculates the average for each cell in the map.  This creates a census of the 

simulated population as it evolves over time.  The simulation applies then the mortality rates in 

accordance to the age of the agents and the département in which they are located; it next shifts 

the remaining agents one level up (let them grow up): agents with age > 70 all die and are re-

placed by the agents in the previous age group; and the agents entering the mature category are 

given a desired number of offspring as determined by the behavioural equation.  New agents 

classified as newborns are finally created in the last procedure: if a mature agent has not yet 

reached the maximum number of offspring she wants to have, is married and not sterile, she will 

create a new agent.  This loop is repeated 36 times, at which point the simulation stops.    

  

  

5.  THE IMPACT OF THE REVOLUTION 

 

The only exogenous impact we allow in the simulation from the moment it starts is the shock of 

the revolution, which activates when the internal calendar of the model reaches 1790.  There are 

many reasons to think the events of 1789 might have been connected with the fertility decline.  

A recent body of literature suggests (more as an empirical regularity than in terms of a theory) 

that social upheavals have a profound effect on the evolution of birth rates [Binion, 2001; Cald-

well, 2004; Bailey, 2006].  Caldwell highlights, for example, the negative consequences these 

crises have on both the expectations of individuals and their material resources, which in turn 

affect short- and long-term fertility choice.  Binion, on a more optimistic view similar to that of 

Bailey, points out how the democratic nature of the French and American revolutions changed 

the relationship between the individual and the society, and ultimately her attitude towards an 
                                                 
19 Mortality rates were estimated by Bonnieul [1997] for all age ranges every five years throughout the 
nineteenth century.  For pre-1800 simulations we assumed the earliest rates available.  Post-1800 we ad-
justed every ten years infants’ mortality, as this is the one that is most affected during the period, and kept 
constant the rest at early nineteenth century levels. 



 

active control of her own future (including the size of her family).  In a similar vein, some ar-

guments build on the effect on conjugal relationships, related to the improvement in the rights of 

women.20 

 

Another aspect usually brought up is that of religion.  There is extensive evidence suggesting a 

connection between religion and fertility behaviour.21  The secular nature of the Revolution, and 

the break it instigated between society and the church, might partly explain the decline.  The 

fact that France remains Catholic to this day could suggest that the impact of the Revolution was 

probably not felt in religion.  But the shock seems to have been more subtle, as in the nineteenth 

century “the liturgical aspects of Catholicism […] were in popular demand; the attempt to im-

pose on the mass of the people a rigorous code of thought and behaviour was not […] It was of 

course especially unacceptable where sexual matters were concerned” [Gibson, 1989: 244].  Up 

to the early nineteenth century Catholicism, a religion with a particular code with respect to 

family behaviour, remained as the main norm-setter in France and had a strong attitude against 

contraception, condemning heavily the ‘sin of Onan,’ the main technique couples had to control 

fertility at the time [Flandrin, 1979: 194-196; Gibson, 1989: 185-186].  But already during the 

eighteenth century there were signs of de-Christianisation.  Attendance at mass became less fre-

quent, the number of people joining the clergy diminished, and the proportion of religious books 

owned by those rich enough to buy them fell considerably [Gibson, 1989: 3].  ‘Anomalies’ in 

sexual behaviour also became increasingly common, and evidence suggests it was not only con-

traception becoming more common, but also illegitimacy and bridal pregnancy.  Although the 

early nineteenth century saw a religious revival, the anticlericalism and de-Christianisation of 

the Revolution had shaken the church to its very foundations; this might have created the link 

between revolution, religion and fertility.   “The hiatus in clerical control consequent upon the 

Revolution seems to have enabled at least some French men and women to break free from old 

constraints.” [Gibson, 1989: 244-245].   

 

The secularisation triggered (or simply manifested) by the Revolution could be interpreted in 

many ways.  Some of the potential impacts of religion over fertility are obvious.  Religion, after 

all, conveyed much of the normative framework and was a key component of the social capital 

of French society.  The recent work mentioned earlier on the role of social networks in fertility 

choice has raised the point that fertility could well be a coordination problem [Kohler, 2001: 

                                                 
20 Doepke and Tertilt [2008], for example, suggest that increased women’s rights (which might well be 
one of the outcomes of the Revolution) could have motivated a search for quality of children, not only 
due to increases in the opportunity costs of the mother, but also on that of the daughters.  See also Flan-
drin [1979]. 
 
21 See Derosas and van Poppel [2006] for an extensive overview of recent research on this. 
 



 

143-144].  If that was the case, both history and expectations play a role in determining fertility 

levels; a major social upheaval could break their long-term equilibrium, making room for a 

change.  Causality, nevertheless, could go in the other direction.  We can see families wanting to 

have less children and being impeded by the Church.  The effect of the Revolution in this re-

spect is to reduce the costs of not following some of the mandates of the church.  An alternative 

reading of our model is that there are some external reasons driving fertility down and that the 

Revolution provides the trigger to make preferences and behaviour coincide.  And yet, argu-

ments not primarily religious are still consistent with the decreasing influence of the Church.  

Weakly religious areas could have been more sensitive to the institutional changes brought by 

the Revolution and these changes could have had an impact on fertility. A clear example of this 

is the laws on inheritance that were affected by the new government.  Although supposedly af-

fecting the whole nation simultaneously, it has been suggested these laws were unequally ap-

plied according to custom [Brandt, 1901], and in this the influence of the Church (by promoting 

or opposing its implementation) could have been instrumental.  A similar point was made by 

Weir [1984b: 613-614] related to the change in land property rights.   

 

The discussion above suggests that we need some kind of measure of the impact of the Revolu-

tion on the population or the level of intensity Catholic faith had in different areas.  Such a map 

is probably impossible to build, but there are reasons to believe this geographical division did 

not change that much until the detailed carte Boulard of 1947.22  It is not really clear when these 

regional differences were first established, but we claim that at least by the time of the Revolu-

tion they were already somewhat present.  The variable we consider here resembles the carte 

Boulard but it has a direct association with the Revolution.  In 1791 the National Assembly re-

quired priests to swear an oath of loyalty to the Revolution, ultimately implying that they were 

servants of the public.  The proportion of priests voting allegiance to the Revolution varied sub-

stantially throughout the country and it is this variance that we use in the analyses.  The map in 

Figure 9 shows this.  

 

                                                 
22 The carte Boulard is a detailed description of the areas of stronger influence of the Catholic Church 
made by Canon Boulard for the year 1947.  This map appears in the classic work of Gabriel Le Bras 
[1955: 324].  It is indeed impressive how in the middle of the twentieth century the same areas that re-
mained attached to a strong Catholic faith were the same identified with strong religiosity by other meas-
ures, such as students’ participation in religious schools for the second part of the nineteenth century (see 
next chapter).  Gibson points out that scattered indices of vocation to priesthood, publication of religious 
books and attendance to mass suggest a pattern rather similar to that of mid-twentieth century [Gibson, 
1989: 170-177]. 
 



 

Figure 9. Proportion of priests taking the oath of loyalty to the Revolution in France, 1791 
 
 

 

 
 
 
 
 

 

 

 
Sources: My calculations, constructed using data from Tackett [1986: 364-366]. 
 

It is not our intention here to oversimplify the interpretation of the oath.  As emphasised exten-

sively by Timothy Tackett, probably the outmost authority on the history of the oath, the rea-

sons behind the heterogeneity of the oath are hard to figure out [Tackett, 1986: 287-300, and 

2006: 545-546].  But there are indeed reasons to believe the pattern of oath-taking could be cor-

related with the impact of religion on society that we want to measure, so this interpretation is 

not entirely forced.23  Tackett himself suggests that “almost everywhere laypeople exerted pres-

sure on the clergy to accept or reject the oath, with the oath ceremony providing the occasion for 

a de facto referendum on the general religious and secular policies of the Revolution” [Tackett, 

2006: 546].   

 

As discussed above, the revolution can be thought of as contributing to weaken the link between 

religion (or, more generally, pre-existing social norms) and reproduction.  I incorporate its im-

pact as follows: we mentioned earlier that agents in the model draw their own inclination to 

have children from a normal distribution with mean μ; we will now assume that at the time of 

the Revolution a certain number of agents will draw that inclination from another distribution 

                                                 
23 The measure has already been used as a proxy for religiousness in a recent study on trust and financial 
markets by Hoffman et al. [2007: 16-17].  Further, that very same study points out that other authors have 
already identified a connection between the Ecclesiastical oath and fertility patterns, notably Sutherland 
[2003: 345]. 
 



 

with a lower mean (μrev).  This modelling strategy could be read in terms of Kohler’s argument 

as the Revolution providing an opportunity to coordinate in a new equilibrium by altering their 

long-term expectations on the behaviour of other agents.  Further, this assumption is in line with 

the work of David Weir who found out that fertility decline in post-Revolutionary rural France 

was the consequence of the effort of only a minority of highly-motivated and efficient members 

of the population and not the gradual reduction of fertility by all [Weir, 1983: 104; 1984b: 

612].24   

 

The number of agents in each département that become ‘revolutionary’ will be determined by 

the proportion of priests in that area swearing the oath of faith.  In this very simple specification 

the French Revolution has only a one-time shock on religious practices; some lineages become 

‘revolutionary’ and other families are not affected beyond the scope of the behavioural equation 

each agent follows. Later we drop this rather conservative assumption of intergenerational in-

fluence and assume that the Revolution ‘spreads’ among agents of the same generation:  under 

this subsequent setting, non-revolutionary agents look around and if a proportion γ of 

neighbours are revolutionary, they will switch to that state as well. 

 

 

6.  RE-PLAYING THE TAPE OF HISTORY: PRELIMINARY RESULTS 

 

With all the components of the model in place we can turn now to its calibration, which we did 

by running several simulations and figuring out which set of parameters fit the data better.  

Since we wanted to assess the impact of different patterns of social interaction we produced 

simulations for several sets of parameters (α, β) ranging from very large social influence to no 

influence at all, as plotted in Figure 10.  

 

                                                 
24 Among the key results of his extensive research, the fact that only a third of the women in the post-
1790 cohort were controlling and the fact that many individuals appear to not have controlled their fertil-
ity at all is strongly consistent with this model. 
 



 

Figure 10.  Different levels of social influence  

 
 

For each of these pairs we let the programme generate sets of 10 simulations starting in 1740 

and up 1790 for all different μs within a sensible range (from 1.0 –equivalent to 2 children per 

family in actual data- to 3.0 –equivalent to 6-, with increments of 0.05).  We assessed how these 

different parametric combinations affected the evolution of population levels by plotting the av-

erage of 10 simulations against the empirical data.25  It makes sense to begin the calibration of 

this model within that interval because it is more or less agreed in the literature that until this 

period fertility levels appear to be stable.  We found that the degree of social influence has al-

ready some effect on what is the best μ to match the data.  Simulations where social influence 

was larger required a smaller μ to sustain the same population levels.  This probably has to do 

with the families aiming towards more stable means and having small families in fewer cases.  

Using a sum of squared errors with respect to actual data, it turned out that goodness of fit was 

maximised at μ= 1.6 for α = 0.2, μ= 1.85 for α = 0.6, and μ= 1.95 for α = 1.  Changes in β did 

not contribute much to generate significant differences, suggesting that the inclusion or not of 

an extended neighbourhood (and therefore expanding the scope of agents’ influence) did not 

greatly affect the conditions necessary to obtain the same macro-patterns.  

 

With these results in mind, and knowing that μs in the range of 1.8-2.0 are more or less consis-

tent with historical data if we apply marriage rates to age-specific fertility rates, we generated 

                                                 
25 All throughout the simulations we have assumed σ to be 0.45, which is more or less the average value 
for empirical populations as estimated from age-specific fertility tables in Flinn [1981].  Further research 
could explore how different assumptions on this parameter might have affected the evolution of the sys-
tem. 
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simulations for the whole period for two parametric spaces (μ, α, β): (1.85, 0.6, 0.4) and (1.90, 

0.8, 0.2).  Not surprisingly, running simulations that maintained fertility at pre-1790 levels al-

ways over-estimated population growth.  We know from the earlier discussion that the trivial 

solution of inducing a homogeneous decline across the country would not be consistent with the 

evidence, which points to a spatial diffusion.  The exercise suggested here is to consider possi-

ble causes driving the heterogeneous decline and, in particular, to assess how well the model 

performs under two assumptions: first, that a proportion of agents in each département aims at 

(a common) lower fertility, and second that this proportion is correlated with how strongly sup-

ported the Revolution was there.26  Regarding the proportion of agent switching to this new 

equilibrium, and in line with the discussion in the previous section, we propose to proxy that 

proportion with the percentage of priests swearing the oath of loyalty to the Revolution.  That is, 

if in a département we have that 25% of the priest swore the oath, then a quarter of the agents in 

that same département will now draw their personal inclination to have children (zi) from a dis-

tribution that has a mean of μrev instead of μ.   

 

Starting with the same two parametric spaces we then generated a series of simulations to figure 

out which μrev is more consistent with the data.  Best fits for each (μ, α, β) set are plotted in Fig-

ure 11.  Overall, the performance of the model for these aggregate values was rather good at the 

level of the evolution of population and, again, smaller α required smaller μrevs (a larger fall in 

the new equilibrium) to maintain ceteris paribus the same level of population.  The performance 

in tracking fertility, on the other hand, was relatively poor.27  For the pre-1800 period fertility 

was underestimated by about 21% if we consider the Ig index and by about 14% if we consider If 

instead.28   
 

                                                 
26 The choice of modelling this in terms of a proportion of agents aiming at a common level (as opposed 
to making all agents aim at different lower levels) is not casual, and really addresses two findings of the 
literature.  One is the observation made by Weir that the fertility decline in France was the consequence 
of the effort of an efficient group and not the gradual reduction of the whole population [Weir, 1983: 104; 
1984b: 612].  The other is the suggestion of Kohler that fertility choice can be partly understood as a co-
ordination problem that induces multiple equilibria, which implies that sometimes shocks (like a revolu-
tion) can make agents update their expectations to coordinate in a new equilibrium. 
 
27 Since we have built the model in such a way that we know the married population of females or each 
age cohort (i.e. the matures that are allowed to have children) and the amount of births, with only the fer-
tility rates of the Hutterites [in Henry, 1961] we were able to estimate directly from the output of the 
computer program the values of Ig and If for the simulated society.   
 
28 It is perhaps worth noting that, nevertheless, the divergence between the results of my simulations and 
available estimates is not substantially different in magnitude to that found between Weir’s and Bon-
nueil’s estimates for overall fertility. 



 

Figure 11.  Actual and simulated levels of population and fertility for France, 1740-1900 
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Notes:  Dotted lines indicate actual values and smooth lines correspond to average of ten simulations.  Actual and 

simulated populations are set equal to 100 in 1740.  Actual population is from INED [1977: 332-333] and IN-
SEE [1961: 36], marital and overall fertility 1740-1900 as estimated by Weir [1994: 330-331], and shorter se-
ries of overall fertility 1806-1901 (indicated with triangles) as estimated by Bonneuil [1997: 197-205]. 

 

 



 

Part of this has to do with the fact that the model is not including some potential relevant com-

ponents, such as more detailed marriage patterns or a percentage of illegitimate births, and the 

prediction is suffering from that omission.  The mismatch is also due to the fact that the com-

parison between simulated and real data is not straightforward and some values have to be esti-

mated in an indirect way.  Arguably, the index of marital fertility was more affected because of 

the simplifying assumption we had to make regarding homogeneous marriage patterns, which 

we imposed not only across space, but also across time.  To be sure, many of these issues could 

be solved in future, as more sophisticated versions of the model and better estimates could then 

be generated. 

 

A disappointing result, nevertheless, is that the decreasing trend in fertility is quite mild in both 

sets of simulations.  The one with (μ, μrev, α, β) = (1.85, 1.60, 0.6, 0.4) performs slightly better, 

but in both cases there seems to be a fall around the time of the Rrevolution that stabilises a few 

periods afterwards.  This is probably consequence of the model not allowing families to become 

revolutionary after 1800, which puts an upward pressure on those départements where progres-

sive attitudes might have influenced other lineages.  It is indeed plausible to think that not only 

‘dynasties’ become revolutionary, which implies that social influence takes place only between 

generations, namely from parents to children; it is arguably more realistic to assume that fertility 

behaviour expands throughout the population if enough persons in the surrounding neighbour-

hood are adopting a lower fertility.29  We decided to incorporate this potential effect in the 

model by defining a new parameter that describes this threshold of influence, that is, the number 

of agents that need to lower their fertility before a given agent decides to join the trend.  By in-

troducing this modification, agents that were not affected by the initial revolutionary shock will 

look at their surroundings at each time period and decide to become ‘revolutionary’ if a propor-

tion of neighbours equal to or larger than the threshold γ are ‘revolutionary’ themselves.  

 

We then applied this new specification to the model that performed best so far, (μ, μrev, α, β) = 

(1.85, 1.60, 0.6, 0.4), trying different levels of γ.  Values of γ too close to 1 clearly did not 

change the previous results much: it is too stringent since the practical totality of neighbours 

needs to be revolutionary before an agent decides to become revolutionary itself.  And the lower 

values produced substantial falls in the total population towards the end of the period.  Figure 12 

depicts, along with the baseline case of γ = 1, two intermediate cases.   

 

                                                 
29 It has been argued in the literature that localised conformity of norms and behaviour could be explained 
by informational cascades that follow more or less this dynamic. See, for example, Bikhchandani et al. 
[1992]. 
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Figure 12.  Actual and simulated levels of fertility for different degrees of social influence when (μ, μrev, α, β) = (1.85, 1.60, 0.6, 0.4), 1740-1900 
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Notes:  Dotted lines indicate actual values and smooth lines correspond to average of ten simulations.  Marital and overall fertility 1740-1900 as estimated by Weir [1994: 330-331], and shorter 

series of overall fertility 1806-1901 (indicated with triangles) as estimated by Bonneuil [1997: 197-205].   
 



 

 

Although still not fully tracking the decline, simulations including this sort of social influence 

represent an improvement from previous results, as the fall is milder than the one in the actual 

data, but now more noticeable.  If we look into the overall fertility estimates, now the results 

corresponding to the first two-thirds of the nineteenth century fall between the two available es-

timates.  Marital fertility, on the other hand, is not as well tracked and this is probably due to the 

fact that the model takes the implicit age of marriage as constant (by restricting the proportion 

of agents that can actually procreate) when it is well established in the literature that it was go-

ing down – above all for women – [see, e.g. Bardet, 1998: 320], hence increasing substantially 

the denominator.  The reasons behind the persistent underestimation of the pre-transitional pe-

riod are not that obvious, especially taking into consideration that the rate of growth of popula-

tion is in fact mimicked well.  One plausible argument to explain this has to do with the poten-

tial interaction between child mortality and births, which we have not considered in this initial 

version of the model.   If regions with higher mortality had in fact higher fertility than the rest, 

both average indexes of fertility would probably be higher with only a marginal contribution to 

total population.  Since for the sake of simplicity we have imposed homogeneity in the initial 

conditions and a basic behavioural rule that did not consider the status of mortality in the area, 

the model as it is tends to underestimate fertility in this period.  These are certainly things that 

future work with similar models can correct.  But, as we show in the below, the model as it is 

still provides some insights into the particular geographical pattern we see in the different areas 

of France. 

 

Now, how well does this model perform at local level?  One of the advantages of this agent-

based simulation model is that it is well defined geographically, so we can study in detail what 

happens in every region and compare that with actual data as well.  Taking the case where γ = 

0.5, we run a series of simulations with the aim of comparing their results with the indexes of 

marital fertility at département level as estimated by Van de Walle [1974].  It is somewhat diffi-

cult to assess properly performance at micro level, but here we provide a series of graphs that 

illustrate that the matching is relatively good.  The map in Figure 13, for example, shows that 

with the exception of some areas (associated with the regions leaders of the decline) and a few 

places in the neighbourhood of Paris, the model seems to have predicted more or less evenly the 

trends in the rest of the country.  There, the error in prediction (defined as % deviation from the 

confidence interval) was more or less homogeneous across the country, which is not a trivial re-

sult, as it means that the model deviated equally in areas that experienced a decline than those 

lagging behind.  

 



 

Figure 13. Average deviation falling outside the 95% if simulating levels of fertility when (μ, μrev, α, β, γ) = 
(1.85, 1.60, 0.6, 0.4, 0.5), 1830-1900 

 
 

 

 

 

 
Notes:  Values indicate the average percent error falling outside the 95% interval when predicting Ig. 
 

A key empirical question to validate the use of the oath as applied in this model is to ask: does 

this model improve with respect to one where the same proportion of individuals is affected by 

the shock of the Revolution but in a random fashion?  We did that exercise and the results are 

summarised in Figure 14, which plots the average percentage points of the best fit model with 

the oath as compared with the random model.  

 



 

Figure 14. Improvement over random in predicting actual fertility levels when (μ, μrev, α, β, γ) = (1.85, 
1.60, 0.6, 0.4, 0.5), 1830-1900 

 
 

 

 

 

 
Notes:  Values indicate the difference in percentage points between error when using a random distribution of agents 

switching to low fertility and that when using the oath instead. 
 

If we take out the départements where the absolute difference was within 2 percentage points, 

the model with the oath outperforms the random in 36 départements, whereas the opposite oc-

curs only in 22.  Most importantly the oath model outperforms the random model in a few key 

places, like the ‘islands’ of high fertility, part of the Aquitaine valley and the Paris area.  A few 

selected graphs on the actual evolution of the predictions of the simulation model vis-à-vis the 

actual data at départements level could further illustrate its explanatory accomplishments.30  

Figures 14 and 15 look at some examples of areas that were leaders and laggards in the decline. 

 

                                                 
30 We constructed these graphs for all départements and for both marital and overall fertility index, and 
can provide them upon request. 



 

Figure 15. Actual and simulated marital fertility levels when (μ, μrev, α, β, γ) = (1.85, 1.60, 0.6, 0.4, 0.5), 
lagging départements, 1740-1900 
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Notes:  Dotted lines indicate actual values starting in 1831 [van de Walle, 1974], whereas smooth lines correspond to 

simulation starting in 1741.  Both finish in 1896.   

 



 

Figure 16. Actual and simulated marital fertility levels when (μ, μrev, α, β, γ) = (1.85, 1.60, 0.6, 0.4, 0.5), 
leading départements, 1740-1900 
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Notes:  Dotted lines indicate actual values starting in 1831 [van de Walle, 1974], whereas smooth lines correspond to 

simulation starting in 1741.  Both finish in 1896.   
 



 

It is clear from those graphs that the model tracks quite well the laggards, as the simulation 

mimics the high level of fertility they maintained into the nineteenth century.  However, the 

simulation largely overstates the levels of fertility for the leaders, although it picks a small gen-

eral downward trend.  A few characteristics of the model could explain this problem.  On the 

one hand, the model assumes homogeneity across all individuals in terms of social influence 

(that is, α and β remain constant for all agents).  It is certainly not implausible to think that the 

propensity to follow others could vary across regions and, in particular, it is likely that areas 

leading the decline were more prone to be more ‘individualistic’.  On the other, it could well be 

that the oath is not really a linear transformation of the variable we are trying to perceive.  Al-

though in conservative or moderate areas the correlation might be good, political reasons can 

motivate church leaders to press priests in very liberal areas to vote against the Revolution as a 

way to make an example or to establish a clear stake.  If this is the case, the impact of the Revo-

lution could be underestimated in the leading areas.  These effects might of course be reinforced 

by other sources of heterogeneity that the model is simply not incorporating and are ‘hidden’ in 

the normal distribution that agents use to draw their desired family size, such as differences in 

income, or education (factors that I will explore further in the following chapter).   

 

The model still does a good job for many of the non-extreme areas, as some of those illustrated 

in Figure 17 can show.  In every case the general trend of the decline appears to be tracked well, 

in some cases with outstanding results.  For areas not plotted here results were mixed but trends 

tended to coincide.  The few cases where tracking was not that good were associated with areas 

only scantly populated (where simulations were less stable), those on the north-east borders, 

where influence from other countries probably played a non-minor role,31 and –again- with ar-

eas that were leaders rather than followers in the decline.   

 

                                                 
31 Interestingly enough, this was not the case in the Pyrenees, an area that limits with other country, but 
where the towns on the other side of the border are rather small. 



 

Figure 17. Actual and simulated marital fertility levels when (μ, μrev, α, β, γ) = (1.85, 1.60, 0.6, 0.4, 0.5), 

other départements, 1740-1900 
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Notes:  Dotted lines indicate actual values starting in 1831 [van de Walle, 1974], whereas smooth lines correspond to 

simulation starting in 1741.  Both finish in 1896.   
 



 

Figure 17 (cont.) Actual and simulated marital fertility levels when (μ, μrev, α, β, γ) = (1.85, 1.60, 0.6, 0.4, 
0.5), other départements, 1740-1900 
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Notes:  Dotted lines indicate actual values starting in 1831 [van de Walle, 1974], whereas smooth lines correspond to 

simulation starting in 1741.  Both finish in 1896.   
 



 

Figure 17 (cont.) Actual and simulated marital fertility levels when (μ, μrev, α, β, γ) = (1.85, 1.60, 0.6, 0.4, 
0.5), other départements, 1740-1900 
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Notes:  Dotted lines indicate actual values starting in 1831 [van de Walle, 1974], whereas smooth lines correspond to 

simulation starting in 1741.  Both finish in 1896.   
 



 

7. CONCLUDING REMARKS 

 

In many respects the model developed here is rather naïf but, despite its simplicity, it is a good 

first approximation at describing the fertility decline in France using agent-based simulation 

techniques.  It shows that social influence probably played a role in the particular dynamic fol-

lowed by fertility rates and suggests that part of the different regional trends could be traced 

back to the heterogeneous impact of the Revolution.  Simulations where some (but not total) so-

cial influence was present were better able to track the fall in birth rates than those where this 

influence was ignored.  Far from being trivial, this outcome highlights that interpersonal interac-

tions –an issue only marginally discussed in the literature– do matter.  The results at micro level 

were also quite satisfactory, suggesting that the choice of the proxy for the ‘modernisation fac-

tor’ was probably appropriate.  This calls for attention to revisit the relationship between institu-

tional framework (religious or other) and fertility choice during the decline.  Even if there are 

economic reasons behind the desired fall in fertility (the fall in μ, which in our model remains as 

an exogenous shock), cultural constraints can indeed be affecting the specific dynamics of the 

system and we need to learn more about them.   

 

The failure to fully capture the impact on those départements leading the fall in birth rates, on 

the other hand, points towards some of the model’s limitations, but it uncovers the ways in 

which it could be improved.  At least two potential extensions are worth mentioning.  Firstly, 

studying ways in which a behavioural rule can make better use of the information provided by 

the system.  Perhaps the most straightforward example would be to incorporate information on 

child mortality on the parents’ rule (where they increase the desired level of fertility if the 

chances of loosing an infant are high).  Secondly, as an initial approximation the basic model 

presented here ignored certain information that could otherwise be incorporated.  It takes the 

whole population of France as homogeneous and this was probably not the case.  Further infor-

mation on demographic details such as differences on age at marriage in the early modern pe-

riod could be crucial to get a grasp of this.  The development of these two lines of research 

could, of course, have certain synergies, as richer environments may allow richer and more real-

istic behavioural rules to be explored.  Although computationally more costly, these extensions 

are indeed possible using similar agent-based models and could illuminate other aspects of this 

momentous transformation.  
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