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Appendix A− Département-level results

A.1 Additional details on robustness

Determinants of the level of marital fertility. I estimate the cross-sectional deter-
minants of Ig from 1831 to 1931 using ordinary least squares (OLS).

Appendix Table A6 reports the results for 1871 (before the onset of the second phase of the
fertility decline, and when Paris is included in the data), along with robust standard errors. A
10-percentage-point decrease in the refractory clergy in 1791 is associated with a decrease in
the marital fertility index of about 3 percentage points. The marital fertility index in France
averaged 0.48 in 1851, about half the Hutterite standard. Appendix Figure A3 displays the
standardized beta coefficients over time–as in Table 2–allowing for a more detailed analysis.
Without controls, population density first had a positive effect on the level of fertility and the
effect became negative after 1846, while urbanization was initially close to zero and became
increasingly negative as time passed, somewhat consistent with a Malthusian mechanism or
with the idea that overpopulation led to lower fertility in the nineteenth century (Braudel,
1986a,b). For literacy, the univariate correlation is negative throughout. With controls, I find
a pattern broadly consistent with a quantity-quality trade-off: the correlation is positive in the
1830s and mostly negative after 1860, although it becomes slightly positive again in 1931.

Robustness to using alternative fertility indices. Appendix Table A7 re-estimates
the regression of the level of marital fertility with two further indices of Coale and Watkins
(1986), overall fertility (If ) and illegitimate fertility (Ih). The indices Ig, If , and Ih measure
the fertility of married women, all women, and unmarried women, respectively, relative to the
Hutterite maximum, and are linked by the identity If = Im Ig + (1 − Im) Ih, where Im is
the proportion married. The coefficient on the refractory clergy remains positive and signif-
icant for overall fertility, at about a quarter of its size for marital fertility, as expected since
overall fertility weights marital fertility by the proportion married. It is small, negative, and,
with controls, at most marginally significant for illegitimate fertility. The effect is therefore
concentrated in marital fertility, indicating that secularization lowered fertility through delib-
erate control within marriage rather than through non-marital childbearing, consistent with the
individual-level evidence that the decline came largely from parity-specific stopping (Appendix
Figure B4). The same pattern holds in the aggregate: the fall in overall fertility reflects the
fall in marital fertility, while the proportion married and illegitimate fertility change little.

Robustness to using alternative definitions of transition date. I estimate Equa-
tion 1 for alternative definitions of transition date in Appendix Table A8: below 30, 40, 50, 60,
and 70% of the fertility of the Hutterites. The coefficient on the refractory clergy is largest for
the first year in which marital fertility dropped below 0.6, which is a level corresponding to a
10% decline from the average marital fertility in pre-transition Europe (about 0.65), while a
decline in marital fertility below 0.5 corresponds to a drop of about 25%.

Robustness to controlling for child mortality. Appendix Table A9 further controls
for infant and child mortality in the estimation of the determinants of transition date. The
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coefficients on infant and child mortality are statistically insignificant, and the effect of the
refractory clergy is unaffected–consistent with earlier evidence of a limited role for mortality in
the fertility decline (van de Walle, 1986), and with unified growth theory (Galor, 2011), which
treats the decline in fertility as largely independent of the decline in mortality.

Robustness to controlling for correlates of secularization. Appendix Table A10
controls for three additional, deep-rooted correlates of religiosity before the onset of secular-
ization, introduced and discussed as drivers of secularization in Section 7: the presence of the
Holy League in 1590, the value of the gabelle in 1770, and the presence of Jansenist clergy in
1725. The coefficient on the refractory clergy remains positive and significant at the 1% level,
including after accounting for the full set of controls–consistent with these controls accounting
effectively for religiosity before the onset of secularization, and the share of refractory clergy
capturing (the absence of) secularization. I then report the reduced form omitting the refrac-
tory clergy. The pattern mirrors the results documented in Table 5: the Holy League–gabelle
interaction predicts a substantially earlier transition, with a standardized coefficient of −0.73.
With the full set of controls, this interaction is not significant, likely due to the limited variation
in these variables across départements within regions.

Robustness to weighting. In the baseline, observations are weighted by département
population in 1831 and the refractory clergy is constructed as the population-weighted average
of district-level shares. Appendix Tables A11 and A12 re-estimate the determinants of transition
date without weighting observations and using an unweighted share of refractory clergy. The
estimated coefficients are virtually unchanged and remain significant at the 1% level throughout,
while the weighted and unweighted estimates are within a few years of one another once the
full set of controls is included. These estimates indicate that the results are not sensitive to
whether one estimates the relationship for the average département or the population-weighted
relationship, and that they are not driven by the most populous départements (Solon, Haider
and Wooldridge, 2015).

Survival analysis. Because the dependent variable is the date of the transition to lower
fertility, survival analysis is a natural way to model it. In Appendix Table A13, I use a Cox
proportional-hazards model to relate the refractory clergy to the rate of transition, treating the
first census where a département is observed below the threshold as the discrete event date.
The refractory clergy is associated with a significantly lower rate, and hence a later transition,
consistent with my baseline results.

Sensitivity of estimates and coefficient bounds. The set of control variables pre-
sented in Section 5 was gathered through an extensive process of data collection and accounts
for a large number of cultural, economic, and institutional factors. Yet only a particular choice
of covariates could be accounted for in the specifications under study, and collinearity or omitted
variables could be introduced, which would result in biased and distorted coefficients (Brodeur
et al., 2016; Brodeur, Cook and Heyes, 2020a; Granger and Uhlig, 1990; Leamer, 1983; Leamer
and Leonard, 1983).
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I evaluate the robustness of the association across all 65, 536 (216) combinations of the four-
teen controls and the two fixed-effect families. Figure 7 reports the 16, 384 (214) specifications
in which region and pays-status fixed effects are included in every regression.42 The mean
estimated coefficient in Figure 7 is 98.88 years, and the minimum is 77.93 years.

Double lasso estimation and variable selection. Since the number of potential vari-
ables of interest is large and the determinants of both the decline in fertility and dechristianiza-
tion are not well understood, I use lasso, a supervised machine-learning technique. Lasso is a
regularization and variable selection method introduced by Tibshirani (1996). It is essentially
an ℓ1-penalized least-squares method in which coefficients are estimated by minimizing the sum
of squared residuals, as in OLS, but a shrinking process is applied. A tuning parameter λ con-
trols the strength of the penalty and is chosen by k-fold cross-validation to minimize the average
mean squared error across out-of-sample predictions. Its purpose is threefold. First, it allows
me to flexibly select important covariates of the refractory clergy in 1791 in order to account for
pre-existing differences. Second, it selects covariates of the timing of the transition in a context
where the decline in fertility cannot be explained by traditional theories. Third, it allows me to
understand the relevance of specific predictors by shrinking the regression coefficients to zero.

The determinants of transition date are estimated in Appendix Table A14 with the double-
selection lasso estimation method described in Belloni, Chernozhukov and Hansen (2014); Ur-
minsky, Hansen and Chernozhukov (2019). This two-step procedure identifies covariates that
predict either the dependent or the independent variable. The variables selected in either
step are included in the final regression. This method alleviates biases commonly associated
with lasso to the extent that excluding variables with moderate but non-null effects results
in omitted-variable bias. In the first column, I report the unweighted OLS coefficient on the
refractory clergy with the full set of controls.43 Specifications 2 to 5 display the double lasso-
estimated coefficients. In specifications 3 and 5, in light of the standardized coefficients esti-
mated in Table 2, I force the selection of Encyclopédie subscriptions per capita by not penalizing
its coefficient. In specifications 4 and 5, I force the selection of fixed effects, otherwise not in-
cluded in the set of controls. Without forcing the inclusion of the region and pays-status fixed
effects, only linguistic distance is selected by default. Moreover, the variables selected with
fixed effects mostly capture cultural traits. Last, but not least, the share of deserters among
conscripts, which controls for state legitimacy at the time of the French Revolution in order
to capture the effect of religiosity, is selected–which is reassuring. The estimated coefficient on
the refractory clergy remains particularly large and statistically significant at the 1% level in
every specification.

Appendix Figure A5 plots the coefficient paths for the two lassos with fixed effects. The size
of each of the coefficients is plotted against the penalty term λ. When λ equals zero, lasso is
equivalent to OLS; and all coefficients gradually shrink to zero as it increases. Only limited
regularization is needed for the determinants of the refractory clergy in 1791, suggesting that
few observables explain its distribution with a large or robust effect when region and pays-

42Appendix Figure A4 reports all 65, 536 specifications, allowing the two fixed-effect families themselves to vary.
43Because weighting creates significant issues with lasso, observations are not weighted by population.
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status fixed effects are included. This is consistent with the evidence on Provence suggesting
that there were only small differences in religiosity before the onset of secularization within
region. As expected, the variable with the largest predictive power is the share of deserters
among conscripts–validating its inclusion as a control to account for institutional factors related
to the French Revolution. Yet although none of the controls seem to matter for the distribution
of religiosity, the refractory clergy itself has a large and robust predictive power for transition
date (and, consistent with the standardized beta coefficients estimated previously, so does
Encyclopédie subscriptions).

Omitted variables. While reverse causality is not an issue, omitted variables may result
in bias. Religious areas may place more emphasis on tradition and be less prone to innovation
and change, which would bias estimates and be a threat to identification. In what follows, I
formally account for unobservables and rely on Altonji, Elder and Taber (2005); Oster (2019) to
construct bounds to the true effect of the refractory clergy in 1791. Because the refractory clergy
is positively correlated with development after secularization took place (Appendix Table A2),
estimates are expected to be downwards biased towards zero.

I estimate a coefficient on religiosity accounting for omitted variables under the assumption of
equal selection suggested by Altonji, Elder and Taber (2005); Oster (2019)–that is, that unob-
servables and observables are equally related to the treatment.44 Throughout this subsection, I
alternatively make the two following assumptions about selection on unobservables: unobserv-
able selection is exactly proportional to selection on observables (Assumption A); unobservable
selection is exactly proportional to selection on the diffusion of the Age of Enlightenment (as
proxied by log 1+ Encyclopédie subscriptions per capita in the period 1776–79) conditional on
other observables (Assumption B).

The first assumption is fairly standard, while the other relies on the idea that one can
learn about unobservables that explain marital fertility from unobservable determinants of
Encyclopédie subscriptions per capita, a standard measure to proxy for the diffusion of the Age
of Enlightenment (Darnton, 1973; Squicciarini and Voigtländer, 2015). Using this proxy for
a different dimension of cultural change allows me to sensibly model unobservables that may
have affected marital fertility. Intuitively, although this is an oversimplification, I assume that
the Age of Enlightenment affected marital fertility through unobserved factors (for example,
libertinage, emphasis on change as opposed to tradition, industrial mindset) that are also
correlated with secularization.

Appendix Table A15 reports the results of the regression on the determinants of transition
year accounting for unobservable selection. I report Oster’s beta for both assumptions, assum-
ing a degree of proportionality of one, and the δ statistics, which reflect how strong selection on
unobservables should be to explain away the estimated effect of the refractory clergy. Standard
errors bootstrapped over one thousand replications are reported. The estimated relationship

44Oster (2019) shows that movements in the R2, and not only coefficient movements, can give information about the
direction and the size of the bias arising from omitted variables. The β∗(R2

max, δ) statistic proposed by Oster (2019),
with δ the degree of proportionality between selection on unobservables and observables, converges in probability to the
true coefficient. If 0 does not lie in the interval between the OLS coefficient and β∗(R2

max, 1) (Oster’s beta), then one
can reject the null that the coefficient of interest is exclusively driven by unobservables. Because of measurement error
inherent in historical data, I set R2

max = 0.9 in all specifications.
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remains positive after accounting for selection on unobservables, and the estimated coefficients
under the equal-selection assumption are generally larger than under OLS. In most specifica-
tions, selection on unobservables would have to be stronger than selection on observables–up
to about 12 times as strong–or act in the opposite direction entirely to drive the estimates to
zero.

Finally, Appendix Figure A6 plots the effect of the share of the refractory clergy in 1791 over
time after accounting for omitted variables. Panel A displays the estimated OLS and omitted-
variable-adjusted coefficients for the refractory clergy from 1831 to 1931. OLS coefficients
are biased downwards throughout. Unobserved factors, such as a scientific and industrial
mindset and less emphasis on tradition, were likely to play an observable role in the course of
development as income per capita took off and the second phase of the demographic transition
started, which could explain why the negative bias of OLS is more important after the 1870s.
Panel B displays the marital fertility index for France and for England over time, along with a
counterfactual index for France, which is imputed by setting the share of refractory clergy to
100% under the coefficient bounds suggested by Oster. Secularization seems to account for the
majority of the difference between France and England and Wales.

Spatial dependence. The spatial distribution of the refractory clergy and marital fertil-
ity is geographically clustered. Although cultural attributes are often spatially clustered, this
could lead one to interpret the results as strong and robust, but the interpretation would be
erroneous since nearby places are naturally more likely to possess the same attributes. It is
possible to account for spatial dependence by reporting adjusted standard errors (Colella et al.,
2019; Conley, 1999). Yet Conley and Kelly (2025) show that Conley standard errors are often
too small because of low cutoff values, the distance beyond which spatial correlation is assumed
to vanish. As a consequence, spatial noise with the same spatial-correlation structure as the
data can generate large test statistics even in the absence of a genuine relationship. Following
Conley and Kelly (2025), I report Conley standard errors for two different correlation ranges of
250 kilometres (Assumption 1) or 500 kilometres (Assumption 2). Then, I report the p-value of
Moran’s test for spatial dependence of OLS residuals, a standard spatial-correlation statistic.
Last, I report the results of simulations where the dependent and independent variables are
alternatively replaced by spatial noise. I run one thousand independent simulations each time
and report the fraction of regressions significant at the 0.1% level.

Appendix Table A16 displays the results. Panel A provides the outcome of the simulations
and tests for spatial correlation. Moran’s test rejects spatial independence in the first two
specifications, although in specification 2 the p-value under the 500-kilometre range is 0.02.
Spatial noise significantly explains transition date at the 0.1% level, typically in less than
10% of simulations. Panel B displays the estimated coefficient on the refractory clergy and
spatial-correlation-adjusted standard errors. After the inclusion of cultural and institutional
controls, including pays-status fixed effects, I fail to reject spatial independence under either
correlation range. This remains unchanged with region fixed effects and additional controls.
With region and pays-status fixed effects, about 1% of simulations or less return significant
results, and Conley standard errors are smaller than conventional standard errors (Case, 1991).
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These results suggest that the association between religiosity and transition date is unlikely to
be explained by simply fitting spatial noise.

A.2 Supplementary figures
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Figure A1: Proxies of religiosity

Note: This figure displays the spatial distribution of the refractory clergy in 1791 (Panel A) and of proxies for religios-
ity in the nineteenth and twentieth centuries: “good” Catholic practice in 1877 (Panel B), the share of Catholic schools
in 1901 (Panel C), Catholic practice in 1947 (Panel D), Easter attendance in 1966 (Panel E), and the ratio of baptisms to
births in 2013 (Panel F). Sources: Tackett (1986) for the refractory clergy; Gadille (1967) for 1877; Statistique générale
de la France (1901) for 1901; Boulard (1947) for 1947; Boulard (1966) for 1966; and Besmond de Senneville (2014) for
2013.
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