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Abstract

This online appendix contains: 1) A theoretical appendix, 2) A discussion of the population-

level dataset and the corresponding empirical results, 3) A description of the sources of the

data.



1 Theoretical Appendix: Extension to the Case �d(Y; Z) < 1

In the theoretical analysis, we assumed for simplicity that the social barriers between society Y and

society Z are prohibitive: �d(Y; Z) � 1. Here we extend the analysis to the case �d(Y; Z) < 1.1

This extension slightly complicates the formal analysis but does not modify the substance of the

model�s implications about the relationship between fertility transition dynamics and distance from

the innovator.

At time 0, only the innovator society has adopted the new social norms, and thereforeMX0 = 1,

MY 0 = MZ0 = 0. At time 1, the new social norms are adopted by all households in society Y for

whom the social threshold �i is smaller or equal to the mass of households who have already adopted

the innovation in society X, weighed by their social distance - that is, all households such that:

�i � [1� �d(X;Y )]MX0 = 1� �d(X;Y ) (1)

Consequently, at time 1 the new social norms are adopted by the following fraction of households

in society Y :

MY 1 = min

�
1� �d(X;Y )
�H � �L

; 1

�
(2)

In society Z two cases are possible. For �L � 1 � �d(X;Z) (relatively high levels of societal

conformism and/or high levels of inter-societal barriers �d(X;Z)), no household in society Z adopts

the new social innovation at time 1. For �L < 1 � �d(X;Z); a positive fraction of households in

society Z also adopts the new social norms introduced in society X. In that case, the mass of

households adopting the new social norm is given by:

MZ1 = min

�
1� �d(X;Z)
�H � �L

; 1

�
(3)

The number of adopters of new social norms is lower in society Z than in society Y (MZ1 �MY 1),

because of the larger relative social distance from the innovator d(X;Z) > d(X;Y ). The only

instance when MZ1 = MY 1 is in the extreme case when all households in both societies adopt the

new social norms immediately, which would occur at very low levels of barriers and/or conformism,

that is, for �H � 1� �d(X;Z).

At time 1, the average level of fertility in society Y is:

fY 1 =MY 1fm + (1�MY 1)fn (4)

1For simplicity, we continue to assume �L < 1� �d(X;Y ):
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while the average level in society Z is:

fZ1 =MZ1fm + (1�MZ1)fn (5)

In general, fZ1 � fY 1, with the highest gap between fZ1 and fY 1 occuring when fZ1 = fn,

i.e. for �L � 1 � �d(X;Z). In contrast, there will be no gap (fZ1 = fY 1) in the extreme case

MY 1 =MZ1 = 1, i.e. for �H � 1� �d(X;Z).

In the rest of this analysis, we abstract from polar cases, and focus on the intermediate range

of parameters for which a positive number of households, but not all households, adopt the novel

behavior in society Z at time 1 - that is, the case �L < 1� �d(X;Z) < �H .

At time 2, in society Y the new social norms are adopted by all households with critical threshold

�i such that:

�i � 1� �d(X;Y ) +
1� �d(X;Y )
�H � �L

+ [1� �d(Y; Z)]1� �d(X;Z)
�H � �L

(6)

which implies the following number of modern households in society Y at time 2:

MY 2 = min

�
1

�H � �L
[1� �d(X;Y ) + 1� �d(X;Y )

�H � �L
+ [1� �d(Y; Z)]1� �d(X;Z)

�H � �L
]; 1

�
(7)

By the same token, at time 2 in society Z the new social norms are adopted by all households with

critical threshold �i such that:

�i � 1� �d(X;Z) +
1� �d(X;Z)
�H � �L

+ [1� �d(Y; Z)]1� �d(X;Y )
�H � �L

(8)

which implies the following number of modern households in society Z:

MZ2 = min

�
1

�H � �L
[(1� �d(X;Z) + 1� �d(X;Z)

�H � �L
+ [1� �d(Y; Z)]1� �d(X;Y )

�H � �L
]; 1

�
(9)

and so on for t � 2. Thus, at each time t, societies closer to the innovator have larger shares of

households adopting the new behavior: MY t �MZt:

As in Section 3, let T (f#) denote the earliest time at which a given level f# = M#fm + (1�

M#)fn is achieved. As MY t �MZt; we have that, as in Section 3, T (f#) occurs earlier for society

Y at distance d(X;Y ) than for society Z at distance d(X;Z) > d(X;Y ):

TY (f
#) < Tz(f

#) (10)

implying:
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Proposition 1: Societies at a smaller social distance from the social innovator experience an

earlier transition to lower fertility.

The relation of the dynamics of the fertility transition status with the distance from the innova-

tor is also analogous to the one derived in Section 3, and can be illustrated with a similar numerical

example. To �x ideas, assume that �d(X;Y ) = 2=3, �d(X;Z) = 4=5 and �d(Y; Z) = 6=7. Societies

Y and Z will experience transitions to lower fertility as detailed in the following table:

Time MY t fY t MZt fZt

1 1
3

1
3fm +

2
3fn 1=5 1

5fm +
4
5fn

2 2
3 +

1
5
1
7 (23 +

1
35)fm + (

1
3 �

1
35)fn

2
5 +

1
3
1
7 (25 +

1
21)fm + (

3
5 �

1
21)fn

3 1 fm
3
5 +

1
21 +

1
7(
2
3 +

1
35) =

183
245

183
245fm +

62
245fn

4 1 fm 1 fm

In this example, as in the one discussed in Section 3, society Y will achieve full modernity before

society Z: at time 3 rather than at time 4: Eventually, both societies transition to the full modern

equilibrium in which fertility is equal to fm. Overall, fertility levels are inversely related to distance

from the innovator in the earlier phases of the transition to lower fertility, but the relation between

fertility and distance from the innovator across societies eventually fades. In sum, as in Section 3,

we have:

Proposition 2: The absolute magnitude of the negative relationship between a society�s transi-

tion status and its distance from the innovator is lower in the earlier phases of the di¤usion of the

new fertility behavior, becomes higher over time, and falls again in the latest stages of the fertility

transition.

The levels of fertility also follow a similar pattern in relation to distance from the innovator:

Proposition 3: In the earlier phases of the di¤usion of the fertility decline, there is a strong

positive relationship between fertility levels and distance from the innovator, but this relationship

becomes weaker as more societies adopt modern social norms over time. Consequently, measured

correlations between fertility levels and relative social distance from the innovator are high and

positive during the earlier phases of the transition, and decline over time as more societies decrease

their fertility levels.
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2 Empirical Appendix

2.1 Description of the Population-level Dataset

In addition to the regional dataset describes in the paper, we also constructed a more aggre-

gated dataset of 37 populations, allowing the use of alternative measures of social distance. This

population-level dataset is used for purposes of robustness with respect to the measure of social

distance.

The availability of alternative measures of social distance guided the choice of the populations

included in this dataset, so we begin with a discussion of these alternative measures. The �rst one

is genetic distance, which captures the degree of genealogical relatedness between populations, and

is used for such a purpose in the economics literature (see, for instance, Spolaore and Wacziarg,

2009). It is a summary measure of di¤erences in gene frequencies between populations, constructed

using neutral genes that are not subject to selective pressure (Cavalli-Sforza, Menozzi and Piazza,

1994). When two populations split apart, random genetic changes result in increasing genetic

di¤erentiation from one generation to the next. The longer the separation time, the greater the

genetic distance computed from a set of neutral genes. The speci�c measure we use, FST , correlates

strongly with historical separation times by construction. The data is available for 26 European

populations, mostly overlapping with nation states and, in a few cases, with speci�c subnational

units (the Scottish, Basque, Sardinian, and Lapp populations).2 Figure A1 displays the philogenetic

tree of these 26 European populations, giving a sense of their degree of genealogical relatedness.

The second set of measures of social distance consists of linguistic distance. As in the re-

gional dataset, the main source of linguistic distance data consists of linguistic trees provided in

Ethnologue. In contrast to the languages used in the regional data, these refer to languages still

spoken contemporaneously. We have separate linguistic tree data on Lithuanian, Latvian, Belaru-

san, Ukrainian, Frisian, Walloon, Flemish, Czech and Slovak, Occitan, Catalan, Breton, and these

languages are therefore matched to the corresponding regions in the fertility dataset (for instance

the availability of linguistic data guided considering Walloon Belgium and Flemish Belgium as

separate units).3 For each language, we can count the number of nodes it shares with a reference

language, say French. The measure of linguisitic distance is then the maximum number of shared

2To exploit the latter variation, we consider Scotland, the Basque Country, Sardinia and Lapland as separate data

points of our sample of populations.

3For populations with more than one language, such as Switzerland, we matched to the language used by the
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nodes (in the case of French, 10) minus the number of common nodes, i.e. the number of di¤erent

linguisitic nodes between two populations.

Finally, as an alternative measure of linguistic distance, we use data from the �eld of lexicosta-

tistics, or quantitative linguistics (Dyen et al., 1992). The data are based on basic meanings shared

by most societies (concepts such as "mother" and "blood"). Consider a list of 200 meanings. Each

language uses a word to convey each of these meanings. For a given meaning, two words are desig-

nated as "cognates" if linguists determine that they stem from a common root in a proto-language.

For instance "table" in English and "tavolo" in Italian both stem from the Latin root "tabula" and

are therefore cognates. For two languages, the percentage of cognate words from within the list

then is a measure of the closeness between these languages. We use one minus the percentage of

cognate words as a measure of linguistic distance.4

These data on social distance were merged with PEFP data on marital fertility levels and

transition dates. From periodic observations of the Ig index, PEFP provides estimates of fertility

transition dates for 19 countries or nations (Coale and Watkins, 1986, page 39, Table 2.1).5. We

augment these with additional dates for 20 sub-national regions, also de�ned as the date when

Ig has fallen by at least 10%. These regions were chosen as a function of the availability of any

of the three measures of social distance to France for the corresponding geographic units.6 For

these regions, the transition dates were obtained by visual inspection of the PEFP map of fertility

transition dates, cross-validated using the raw data on Ig. In total, we have Ig data and marital

majority of the population, in this case Swiss German. Our analysis at the regional level is not subject to this

problem, since regions are su¢ ciently small so that, in the context of Europe, each region can only be matched to

one ancestral language.

4For non-Indoeuropean languages, which are not covered in Dyen et al. (1992) we coded the percentage of cognate

words with French as zero. This was the case for Finland, Hungary, Lapland, and the Basque Country where either

Uralic languages or linguistic isolates are spoken.

5These countries or nations are Austria, Belgium, Denmark, England and Wales, Finland, France, Germany,

Greece, Hungary, Ireland, Italy, The Netherlands, Norway, Portugal, European Russia, Scotland, Spain, Sweden and

Switzerland. Figure A2 presents the path of Ig for a selected set of 8 of the 19 countries.

6The 20 additional regions / populations under consideration are: Latvia, Catalonia, Walloon Belgium, Flemish

Belgium, England, Wales, Freisland, Bretagne, Provence, the Czech Republic, Lithuania, Ukraine, Poland, Lapland,

Slovakia, Yugoslavia, Belarus, the Basque Country, Iceland and Sardinia. Combining this list of regions with the

aforementioned list of countries, we end up with data on 37 distinct "populations" (England and Wales as well as

Walloon Belgium and Flemish Belgium are treated as separate populations, replacing the corresponding countries).
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fertility transition dates, along with social distance measures, for a set of 37 geographic areas, or

"populations".

These populations and the corresponding fertility transition dates are displayed in Table A1.

This table shows clearly that France was at the frontier of the process of fertility decline, with

an estimated transition date of 1827, and regions closer to France followed before more distant

regions. Moreover, there is anecdotal evidence, from Table A1, of a linguistic and cultural channel:

a region linguistically and culturally very close to France such as Walloon Belgium experienced

the transition to lower marital fertility about 30 years earlier than Flemish Belgium, even though

the two regions are part of the same country and are geographically close to France. Sardinia,

a genetic isolate, came last in 1934. Transitions also occurred in clusters that are aligned with

linguistic cleavages: Countries speaking Germanic and Scandinavian languages tended to transition

between 1887 and 1905, while many Romance language countries of Southern Europe featured a

later transition: Italy, Portugal, Spain have transition dates between 1913 and 1920.

2.2 Empirical Results Obtained from the Population-level Dataset

Table A2 provides summary statistics for the main variables in the population-level dataset. The

average date of transition is 1904 (Panel A). The correlation between the lexicostatistical measure

of linguistic distance and that based on language trees is 0:939 (Panel B). On the other hand, the

linguistic distance measures are more weakly correlated with genetic distance, with correlations of

0:26�0:27.7 This justi�es the use of genetic and linguistic distance as alternative measures of social

distance. We also see positive correlations between each of the three measures of social distance,

and both the fertility transition date and the marital fertility rate averaged over 1911-1940. For

instance, the correlation between genetic distance to France and the marital fertility transition date

is 0:45.

7While linguistic trees and phylogenetic trees look a lot like each other (Cavalli Sforza et al., 1994), various reasons

explain why the distance measures themselves are only moderately positively correlated. First, language replacement

can weaken the link. For instance, the genetic admixture from the Magyar (Finno-Ugric) conquest of the current

Hungarian territory in the 9th and 10th centuries AD only added very little to the gene pool of Hungary. The original

language was completely replaced, but Hungarians remain genetically close to other Eastern European populations.

Second, there can be gene replacement through migration, with the incoming population adopting the hosts�language.

Finally, a split between two languages may have occurred far in the past but only once, or successive splits may have

occured in close succession but more recently, weakening the link between linguistic distance based on common nodes

and genealogical distance. See Spolaore and Wacziarg (2016) for a further discussion along these lines.
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2.2.1 Genetic Distance and the Transition Date

We �rst explore the determinants of the marital fertility transition date, testing Proposition 1 in

the population-level dataset using genetic distance as a measure of social distance:

MTDi = �0 + �1FST
f
i +X

0
i�2 + "i (11)

where MTDi refers to the marital transition date of population i, FST
f
i denotes its FST genetic

distance from the French population and Xi is a vector of controls, mostly geographic distance

measures that are potentially correlated with both genetic distance and the transition date.

The results are presented in Table A3. Across columns we successively add more controls. The

univariate regression of column (1) reveals a strongly positive e¤ect of genetic distance to France on

the date of the fertility transition. In column (2), adding geodesic distance to France as a control

weakens the e¤ect only modestly.

The regressions of columns (1) and (2) are displayed graphically in Figures A3 and A4. Both

reveal that Lapland and Sardinia are outliers. However, Table A4 reveals that excluding these

two regions actually leads to an increase in the standardized e¤ect of genetic distance in both

speci�cations of columns (1) and (2). France, the origin of the fertility di¤usion, also appears to be

an outlier. Excluding it from the data again leads to a slight increase in the standardized e¤ect of

genetic distance. Excluding at once France, Lapland and Sardinia leads to a yet larger standardized

e¤ect of genetic distance. Thus, the relationship seems robust to outlier analysis.

In the speci�cation of column (3), adding a wide range of geographic controls actually leads to

a slightly larger e¤ect than in column (2). In this speci�cation the standardized beta coe¢ cient on

FST fi is 38:3%, a large e¤ect. To put this number in context, a one standard deviation increase in

genetic distance (equal to 69:48) delays the marital fertility transition by almost 8 years. Finally in

column (4) we add per capita income in 1820 as an explanatory variable. If indeed the demographic

and industrial transitions went hand in hand we would expect income per capita at the beginning

of the period to be negatively associated with the date of the fertility transition. We lose 11 data

points for which Maddison data on per capita income in 1820 are not available. The latter does

not enter signi�cantly, while genetic distance to France continues to have a large magnitude and

remains signi�cant at the 10% level despite the much smaller sample. This �nding suggests the

primary driving force behind the fertility transition was not elevated initial per capita income that

might have come from early industrialization, but rather how distant a population happened to be

7



from the population that �rst adopted the new fertility behavior - the French.

In Table A5, we run the same speci�cation as in equation (11), augmented with genetic and

geographic distance from England. The idea is to run a horserace between genetic distance from

France and genetic distance from England (the correlation between the two genetic distances is

0:515) - the same rationale as the corresponding exercise in the regional dataset presented in the

main text (Section 4.2.1). England was the birthplace of the Industrial Revolution and France that

of the fertility transition. If the fertility transition stemmed mostly from economic modernization,

we would expect the main axis of di¤usion to stem from England. If instead it arose from a process

of imitation and di¤usion from the �rst country to undergo the transition, then genetic distance

from France should win out in a horse race.

This is indeed what we �nd in Table A5. Column (1) runs a univariate regression of the fertility

transition date on genetic distance from England, which comes out with a positive and signi�cant

coe¢ cient. Adding geodesic distance from England (column 2) weakens the e¤ect to almost zero,

while adding genetic distance from France �ips the sign to negative and insigni�cant (column 3).

Genetic distance from France itself comes out highly signi�cant and with a magnitude roughly

similar to that found in Table A3 (40.3%). This picture does not change when adding our long list

of geographic controls (column 4): Genetic distance from France wins in a horserace against genetic

distance from England.

Overall, these results regarding the determinants of the fertility transition date of lower marital

fertility in Europe are consistent with di¤usion from France. Societies that are ancestrally closer to

the French face lower initial barriers to the adoption of the novel behavior, even through eventually

all European populations adopted the new behavior.

2.2.2 Genetic Distance and the Marital Fertility Rate (Ig)

Examining the determinants of the fertility transition date is informative but has limitations. The

transition starts before the date speci�ed (without the decline in Ig reaching 10%, a somewhat ar-

bitrary threshold) and continues after the date is reached. An alternative is to directly examine the

determinants of the level of Ig. For a cross-section of populations at a point in time corresponding

to the main period of the fertility transition, we can hypothesize that Ig itself may be related to

genealogical distance from the frontier, as predicted by Proposition 3. We consider the following
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speci�cation:

Igi = 
0 + 
1FSTi +X
0
i
2 + "i (12)

The baseline time period over which we measure Ig in this equation (12) is 1911-1940. The choice

of this period is motivated by the availability of Ig data for all 37 populations.8 This is also a

period when the fertility transition was still in full-swing in many countries, as seen in Figure A2.

The results are presented in Table A6. Focusing on the baseline speci�cation of column 3, with

all the geographic distance controls, we �nd a positive e¤ect of genetic distance to France on the

level of Ig. The magnitude is large as a one standard deviation increase in genetic distance raises

Ig by 57% of its standard deviation. Few of the controls are signi�cant at conventional levels of

signi�cance. This �nding still holds when controlling for per capita income in 1913, to account

for the possible impact of economic modernization on fertility behavior (we �nd no impact of per

capita income itself on marital fertility). These results provide evidence consistent with Proposition

3, in line with those found using the regional dataset.

2.2.3 Linguistic Distance and the Fertility Transition

In addition to genetic distance we now consider the e¤ects of linguistic distance on either the

transition dates or Ig. We use the same speci�cations as in equations (11) and (12), replacing

genetic distance to France alternately with the number of di¤erent linguistic nodes with the French

language ("Français") or the percentage of words not cognate with French.

Results are presented in Table A7 and are consistent with the hypothesis that genealogical

distance to the frontier is positively associated with the transition date and the level of Ig. In

column (1), with the transition date as the dependent variable, the number of di¤erent linguistic

nodes with the French language enters signi�cantly (at the 5% level), positively and strongly, with

a standardized magnitude of 56:7%, a bit larger than the previously documented e¤ect of genetic

distance. In column (2) we consider the lexicostatistical measure of linguistic distance, �nding a

positive e¤ect that is signi�cant at the 10% level and a standardized magnitude around 45%. The

last two columns explore the determinants of Ig averaged over 1911-1940, �nding results in line

with the previous �ndings. The e¤ect of the measure based on linguistic trees is still signi�cant

8Earlier periods feature fewer observations. If more than one observation on Ig was available for a given population

during this time interval, all observations were averaged. On average, there were 2:25 observations on Ig for each

population between 1911 and 1940.
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at the 5% level, while the e¤ect of the lexicostatistical measure is signi�cant at the 13% level (one

should not overemphasize these di¤erences in signi�cance levels given the paucity of observations

in the population-level dataset of 37 data points).

In sum, approaching the issue with di¤erent dependent variables re�ecting the fertility transi-

tion and di¤erent measures of genealogical distance, we document a positive association between

ancestral distance to France and the adoption of marital fertility limitations, consistent with a

model of behavioral adoption from the innovator. Moreover, distance to France trumps distance

to England, the birthplace of the Industrial Revolution, suggesting that the di¤usion of marital

fertility limitations followed a di¤usion process very di¤erent from that of industrialization.
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