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ABSTRACT 

 
Reviewing the literature on the deep historic roots of gender inequality, we theorize and provide 
evidence for a trajectory that (1) originates in a climatic configuration called the “Cool Water” (CW-
) condition, leading to (2) late female marriages in preindustrial times, which eventually pave the way 
towards (3) various gender egalitarian outcomes today. The CW-condition is a specific climatic con-
figuration that combines periodically frosty winters with mildly warm summers under the ubiquitous 
accessibility of fresh water. It embodies opportunity endowments that significantly reduce fertility 
pressures. The resulting household formation patterns empowered women and reduced gender ine-
quality. 
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Introduction 

There is a growing consensus in the literature that gender equality in its various manifestations goes 

together with a host of beneficial outcomes, from economic productivity to distributional justice, 

physical security, generalized trust, honest government, effective democracy and other quality of life 

aspects (e.g., World Bank, 2001, 2011; Fish, 2002; Inglehart and Norris, 2003; Coleman, 2004; Klasen, 

2002; Klasen and Lamanna, 2009; Duflo, 2012; Branisa et al., 2013; Alexander and Welzel, 2015). 

Another strand of literature highlights the importance of female agency during the preindustrial Mal-

thusian era for the timing and pace of the fertility transition and consequent projection into the mod-

ern era of sustained economic growth (e.g., Galor and Weil, 1996; Lagerlöf, 2003; Diebolt and Perrin, 

2013; Voigtländer and Voth, 2013; Prettner and Strulik, 2017). These beneficial effects of gender 

equality have sparked interest in the deep historic roots of women’s emancipation from male domi-

nation (e.g., Doepke and Tertilt, 2009; Alesina et al., 2013; Hansen et al., 2015; Jayachandran, 2015; 

BenYishay et al., 2017; Grosjean and Khattar, 2019). 

In the footprints of Ester Boserup, scholars locate the roots of gender inequality in societies’ agrarian 

history. While one group of researchers sees the transition to agriculture in and by itself as the origin 

of greater inequality (Hansen et al., 2015), others are more specific and identify the plow-using type 

of agriculture as the source (Alesina et al., 2013; Giuliano, 2015). Still others argue that scarcity of 

arable land strengthens agriculture’s contribution to gender inequality (Hazarika et al., 2019).2 

 

Building on this scholarship, we theorize and provide evidence for an overlooked trajectory originat-

ing in a climatic configuration, called the “Cool Water” (CW-) condition, that leads to late female 

marriages in preindustrial times, which in turn result in various gender egalitarian outcomes today. 

 

The CW-condition is a specific climatic configuration that combines periodically frosty winters with 

mildly warm summers under the ubiquitous accessibility of fresh water. It is most prevalent in North-

western Europe and some of its former colonial offshoots (Welzel, 2013, 2014). We argue that, over 

time, household formation patterns of an agrarian economy evolve, in part, as a response to the 

                                                      

2 Carranza (2014) shows, for India, that soil textures have a contemporary effect on gender equality. Relative to clayey 
soil textures, loamy soil allows for deep tillage, and deep tillage substitutes for tasks typically performed by women (e.g., 
weeding, fertilizing). Indian districts with a larger fraction of loamy soil textures display rural gender ratios more skewed 
towards boys and lower relative female employment. 
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challenges and opportunities ingrained in its climate. The CW condition embodies opportunity en-

dowments that significantly reduced fertility pressures on women and favored late female marriages 

already in the preindustrial era. In CW areas, the relatively favorable disease environment implied that 

lower fertility was needed to achieve the desired number of children that survive into adulthood. In 

addition, the ubiquitous availability of water, as a fundamental agricultural input, reduced mobility 

costs of farming households and defied centralized control of land, which favored nuclear over ex-

tensive families and neo-locality over patri-locality. The resulting family and household patterns 

placed women into a better position to struggle for more gender equality during the subsequent tran-

sitions toward the industrial and post-industrial stages of development. Hence, enduring territorial 

differences in the CW-condition (henceforth CW) predict differences in preindustrial female marriage 

ages, which in turn predict differences in gender equality today.23 

 

In support of this causal chain, we use the CW index: a combination of absolute latitudes, continuous 

rain, and mild summers (Welzel, 2013, 2014). We present cross-country evidence showing that CW 

has a sizable and robust impact on current female marriage ages as well as the age gap between the 

spouses. A one standard deviation increase in the CW index is associated with a 10-month reduction 

of the male-female difference in mean ages at first marriage. Furthermore, we can trace this effect 

back to the preindustrial epoch using European historical data on marital ages from Dennison and 

Ogilvie (2014). Both these effects are robust to including the other ‘deep drivers’ discussed in the 

literature. In line with these results, we show in reduced-form estimates that CW has a large and 

significant impact on today’s gender gaps in labor force participation and life expectancy. 

In the absence of experimental control, the two lurking threats to the validity of any causal interpre-

tation are always reverse causality and omitted variable bias. Reverse causality is of no concern in our 

setting. The reason is the distinct temporal ordering of our variables along a far-reaching sequence 

of separate historic epochs, extending from (a) original environmental conditions manifest in CW to 

(b) preindustrial marriage patterns to (c) post-industrial gender-egalitarian outcomes. 

With respect to omitted variable bias, there is always the risk that unobserved country characteristics 

might account for the relationship between CW and its hypothesized outcomes. In order to address 

                                                      

3 For the link between family systems and gender equality in the preindustrial era see, for example, Hajnal (1965, 1982); 

Hartman (2004); De Moor and Van Zanden (2010); Szołtysek et al. (2017). For evidence on persistent effects of historic 

family systems on contemporary socio-economic outcomes see Reher (1998); Giuliano (2007); Duranton et al. (2009); 
Ebenstein (2014); Dilli et al. (2015); Dilli (2016); Rijpma and Carmichael (2016); Tur-Prats (2019). 
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this problem, we go at length in double-checking our results against many possible confounding 

factors. First, we conduct multiple sensitivity tests to the composition of the sample and find that 

our conclusions are not driven by certain world regions or subregions. Second, we control for a 

battery of additional variables proposed in the literature and find that the CW effect persists through-

out. Third, following Oster (2019), we estimate how large the effect of unobservables needs to be to 

explain away the CW effect. For reasonable upper bounds on the full model’s 𝑅2, the degree of 

selection on unobservables would have to be large relative to selection on the observable variables 

of our most restricted models. Thus, it seems unlikely that omitted variable bias alone could account 

for our results. 

Another concern relates to the fact that countries did not exist in today’s borders invariantly through-

out the temporal scope of our analyses. To address this issue, we “ancestry-adjust” the countries’ 

CW-scores using Putterman and Weil’s (2010) post-1500 World Migration Matrix. Doing so changes 

the unit of analysis from today’s countries to ancestral populations. Since this exercise fully repro-

duces all of our major results, it is safe to conclude that they are not an artifact of using countries in 

today’s borders as the unit of analysis. 

 

Finally, we show that, at the turn of the twentieth century, the CW-condition of the country of origin 

correlates negatively with the marriage probability among female immigrants (first and second gen-

eration) to the US. These individual-level results suggest that the effect of the CW-condition has 

persisted over time because it became encoded as a cultural norm. Moreover, since immigrants living 

in a US state face the same institutional environment, the results further alleviate the concern that 

omitted institutional factors might be driving the cross-country estimates. 

 

The remainder of our article proceeds in the following steps. Section 2 reviews the literature and 

derives from this discussion our theoretical propositions. Section 3 introduces the data and variables 

used to demonstrate the empirical validity of our propositions. The fourth section describes the em-

pirical strategy while section 5 presents the findings. We conclude in section 6. 

 

Theoretical discussion 

 

In section 2.1, we start by reviewing existing hypotheses that link gender equality to specific features 

of a society’s agrarian past. We then describe in detail how historical household formation patterns 
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varied across societies, highlighting the distinction between those where women marry at relatively 

later ages vis-à-vis those where they marry immediately after puberty (section 2.2). In late marriage 

societies, women are relatively more empowered (section 2.3). Finally, in section 2.4, we build our 

main hypothesis that the norm of late marriages is, in part, determined by temperature and water 

patterns, through their impact on fertility pressures on women. 

 

Original sources of gender (in)equality 

 

Three recent studies suggest alternative origins as the decisive historic drivers of gender inequality 

today. To begin with, Alesina et al. (2013) revive Boserup’s (1970) thesis that the participation of 

women in preindustrial agriculture differed significantly between plow-using and plow-free cultiva-

tion systems. The plow constituted a gender-biased technology as it required more upper body 

strength than alternative tools, such as the digging stick or the hoe. As a result, in societies that 

adopted the plow, women reallocated their time away from farming towards domestic activities. This 

labor division along gender lines became gradually encultured into enduring norms. Alesina et al. 

show that the fraction of a country’s population whose ancestors practiced preindustrial plow agri-

culture is negatively correlated with contemporary female participation in the labor force, politics, 

and corporate ownership. Moreover, among children of immigrants in the US and Europe, those 

with plow-using ancestors hold less egalitarian beliefs about the appropriate role of women. 

 

In contrast, Hansen et al. (2015) argue that the transition from humans’ original foraging lifestyle to 

sedentary agriculture as such is a driver of preindustrial disparities in gender roles, no matter what 

particular cultivation methods have been used. As these authors suggest, the earlier the transition to 

sedentary agriculture happened, the more intense the cultivation methods became thereafter. Intense 

methods of cultivation generate a demand for cheap mass labor, which in turn increases the fertility 

pressure on women. As a consequence, women reallocate their time from fieldwork to raising chil-

dren and other indoor activities related to caretaking. Societal beliefs about gender roles then incre-

mentally evolved in support of this labor division. Accordingly, societies with longer histories of 

agriculture had more time to enculture patriarchal values in their moral systems. Indeed, Hansen et 

al. show that longer histories of agriculture are negatively correlated with female participation in the 

labor force, politics, education, as well as positively correlated the sex ratio at birth (boys/girls). The 
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correlation remains significant even after controlling for ancestral plow use, which retains its signifi-

cance. Not only is this relationship present in a cross-country sample but also for a sample of Euro-

pean regions, and for a sample of second-generation immigrant children in the US. 

 

The third study by Hazarika et al. (2019) argues that historic resource scarcity shaped cultures of 

gender discrimination. This claim is consistent with patterns of sex-inequality and resource availability 

in some non-human primate species, gender gaps in prehistoric human skeleton sizes, and contem-

porary evidence on the relationship between material deprivation and gender bias in intra-household 

resource allocation. According to this thesis, prehistorical differences in resource scarcity gave rise to 

a persistent culture of gender discrimination. The authors measure historic resource scarcity by limi-

tations of arable land and show that these limitations are negatively correlated with present-day 

measures of gender equality across countries and positively correlated with population sex-ratios 

across districts in India. 

 

While these insights are valuable, we offer a fourth explanation that we believe adds an important 

element to understanding the deep drivers of gender inequality and also provides a plausible trans-

mission channel. 

 

Historical household formation patterns 

 

The feature in preindustrial household types receiving most attention refers to a bundle of elements 

that Hajnal (1965, 1982) branded as the “Western family pattern” and described as unique to North-

western Europe (Todd, 1985, 1987; Hartman, 2004). Based on archival records from the seventeenth 

and eighteenth centuries, Hajnal (1982) stresses four exceptional features of household formation in 

Northwestern Europe, which supposedly date back at least to Medieval times34: (a) late ages at first 

marriage for women, resulting in smaller age gaps between husband and wife; (b) a considerable 

proportion of women (and men) never married, which, together with late marriage, implied for 

women that they lived under lower pressure to maximally exploit their reproductive potential; (c) 

                                                      

4 For example, in his classical study of the Germanic barbarian tribes, De Germania, from around 98 AD, Tacitus already 
describes a Germanic late marriage pattern, in contrast to the early marriage tradition of the Roman Empire: “The [Ger-
manic] young men marry late and their vigor is thereby unimpaired. The girls, too, are not hurried into marriage. As old 
and full-grown as the men, they match their mates in age and strength, and the children reproduce the might of their 
parents” (quoted in Herlihy, 1985, p. 73). See Hartman (2004, chapter 3) for a review of the historical evidence. Edwards 
and Ogilvie (2018, pp. 2–6) survey the evidence for England. 
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neo-local residence: couples move into their own household upon marriage—a feature that reduces 

obligations to the extended family and, thus, fosters individual autonomy; and (d) a widespread prac-

tice among both adolescent men and women to work as contracted servants in non-kin households 

until marriage. 

 

In sharp contrast, household formation patterns in the then advanced areas of the Middle East, 

China, and India—which have survived with remarkably small changes until the twentieth century—

involve the exact opposite features: (a) much earlier marital ages for women, often resulting in large 

age gaps between husband and wife; (b) near universal marriage, indicating an intolerance of women 

just living by themselves (including quick remarriage of widows); (c) patri-local residence: freshly 

married couples move into the household of the husband’s parents under their headship; and (d) an 

almost exclusive use of family labor for household production. 

 

Of course, substantial variation existed around these two stylized household systems (e.g., Szołtysek, 

2014). But for reasons of clarity, it is helpful to take this simplification as a point of departure. 

 

From the gender perspective, the most fundamental element of the Northwest European household 

system is late ages at first marriage for women (Hajnal, 1965, 1982; Smith, 1981; Hartman, 2004). In 

Northwestern Europe, women would typically marry in their twenties, while in the early marriage 

systems of the Middle East, India, and China, brides would marry in their early teens, immediately 

after puberty. In late marriage societies, women’s ages at first marriage were elastic with respect to 

local economic conditions (Smith, 1981; Carmichael et al., 2016; Cinnirella et al., 2017) and, indeed, 

for certain societies, at certain points in time, ages at first marriage were very high even by contem-

porary standards. For example, the singulate mean age at first marriage (henceforth: SMAM) from 

Norway’s 1875 census was 27.3 years for women and 28.5 for men (Ruggles, 2009, Appendix Table). 

Similarly, it was on average 26 for women and 28 for men in rural Germany in 1740–1860 (Klasen, 

1998). As a consequence of late marital ages for women, the age gap between the spouses was sub-

stantially lower than in early marriage societies, where the husband would often be ten to fifteen years 

older than his wife. For example, in Bangladesh, the SMAM in 1974 was 16.4 years for women and 

24 for men (UN 2009). 
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Another important aspect of late marriage societies is the high proportion of never married individ-

uals of both sexes. At times, the never married constituted more than ten percent of the adult popu-

lation in preindustrial Northwestern Europe, whereas they were rarely more than five percent of the 

adult population in early marriage societies (Hajnal, 1965, 1982). 

 

In late medieval Northwestern Europe, late marriages were intimately linked to the institution of 

service through which a large share of young boys and girls would leave the parental household in 

their early- to mid-teens and circulate as servants on a contractual basis, typically for several years 

until marriage. The practice of contracted, non-kin service means that households form on the basis 

of consent instead of lineage. The fact that marriage itself has been an act of agreement among adult 

non-relatives, instead of being pre-arranged among people belonging to the same family circle, further 

detached household formation from lineage and strengthened its contractual character.5 Importantly, 

service did not mean domestic service, in fact “[m]ost servants were not primarily engaged in domestic 

tasks, but were part of the workforce of their master’s farm or craft enterprise” (Hajnal, 1982, p. 473). 

Contractual household service defied a vertical allocation of labor across social strata: “It was not 

only the poor and landless whose children went into service. Those who operated their own farms 

and even farmers with large holdings sent their children into service elsewhere, sometimes replacing 

them with hired servants in their own household” and “[t]here was no assumption that a servant, as 

a result of being in service, would necessarily be socially inferior to his or her master” (Hajnal, 1982, 

pp. 471 and 473). Thus defined, the institution of service fulfilled two roles in late marriage societies: 

(i) it provided a subsistence base for unmarried young men and women as well as a means to accu-

mulate sufficient savings to then start a family, and (ii) it created a flexible workforce for ageing farm 

tenants in need of support. 

 

The same logic clarifies why contracted household service was not a widespread phenomenon in 

early marriage societies: whenever girls married at puberty, there was no chance for service to be part 

of their premarital life-cycle, and the availability of family labor, including children, in multi-genera-

tional households meant that local labor markets were peripheral. 

 

 

                                                      

5 For historical evidence on the contractual household system from mid-fourteen century England see Poos (1991). For 
older, yet more scattered, evidence from ninth century France (around Paris) see Herlihy (1985). 
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Implications for gender equality 

 

The Northwest European system of late marriage for women and life-cycle service for the young had 

profound implications for gender relations. While Hajnal already outlined the most important of 

these implications, Hartman (2004) revisits and extends his analysis. 

 

First, marrying later reduces women’s childrearing burden during the most productive years of their 

life-cycles. In addition, women marrying in their mid-twenties are more mature, experienced, and 

arguably more confident than women marrying at puberty. Combined with a smaller age gap to their 

spouses, women in late marriage societies accordingly enjoy more intra-household bargaining power 

than their early marriage counterparts. Moreover, in late marriage societies, the intervals between 

generations are inevitably larger than in early marriage societies. Therefore, while it was common for 

newly married couples to head their own household, it was typical of earlier marriage societies for 

the wife to join the husband’s multi-generational household. As a result, in early marriage household 

systems, there are often more individuals positioned above the young wife: not only her parents in-

law but also other members of the husband’s kin, like his siblings, uncles, and cousins. In such a 

setting, a freshly married woman has little bargaining power. To sum up, the absolute age at first 

marriage, the age gap between the spouses, and the amount of household members who are hierar-

chically superior to the wife are all important determinants of adult women’s status in the household. 

 

Second, in late marriage societies, individual consent is a necessary condition for marriage, whereas 

in early marriage societies parental consent is decisive. The mere fact of marrying later meant that a 

considerable proportion of the parents of freshly married couples were no longer alive at the time of 

the marriage. For instance, “as in sixteenth-century Lyon, one-third of teenagers becoming appren-

tices and one-half of the young women marrying for the first time were fatherless; [and] as in seventeenth-

century Bordeaux, more than one-third of the apprentices had neither parent alive” (Davis, 1977, p. 

87; emphasis added). In contrast, in earlier marriage systems, young women were more likely to have 

living parents at the time of their marriage and living in-laws throughout a substantial portion of their 

marital years. Unsurprisingly, marriage norms in these systems were tilted towards parental arrange-

ment rather than individual choice (e.g., Edlund and Lagerlöf, 2006). It is plausible to assume that 

individual choice lowers the intra-household bargaining costs for both spouses; either because they 

match with partners that have similar preferences, or because mutual consent brings about a higher 

degree of altruism to individual preferences. 
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[Figure 1 about here] 

 

Third, the institution of contractual farm service is a driver of gender equality norms and behaviors 

in its own right. As shown in Figure 1, contractual service was a common phase in the life-cycle of 

both men and women across Northwestern Europe.6 Indeed, it is striking how similar the patterns of 

service were among the life-cycles of both sexes: the prevalence rates are not too different in absolute 

terms (although, in general, they were higher for men across all age-groups) and their age-distribu-

tions are remarkably similar. Over the life-cycle, service started roughly at 15–19 years of age for both 

sexes—an age range at which most women in early marriage societies were already married. Service 

peaked at 20–24 years of age and then declined as people left service to get married. As a result, the 

life-cycle of young men and women in late marriage societies is much more similar than in early 

marriage societies, where young brides are separated early on from their male peers by the experiences 

of marriage and motherhood, often living in seclusion. The convergence of life experiences between 

the sexes in Northwestern Europe was thus a force challenging the boundaries between gender iden-

tities. By contrast, the divergence of life experiences early on in the Middle East, India or China, kept 

gender identities and domains of activity strictly separate (Hartman, 2004). 

 

In Northwestern Europe, the years of service were an ideal opportunity for young people to accu-

mulate savings, skills, and meet potential marriage partners (Hajnal, 1982; De Moor and Van Zanden, 

2010). For the young servants, high mobility (De Moor and Van Zanden, 2010) strengthened their 

maturity and weakened patriarchal norms, to the benefit of women (Reher, 1998; Hartman, 2004). 

As summarized by Hajnal (1982, pp. 474–475), “While in service, women were not under the control 

of any male relative. They made independent decisions about where to live and work and for which 

employer. There was also financial independence even though women servants’ wages were lower 

than men’s.”7 

 

Remarkably, the implications of gender gaps at first marriage were well understood early on, as rec-

orded in legal codes and councils from early medieval Europe (Herlihy, 1985). For example, a late 

                                                      

6 A similar institution existed in Japan (Cornell, 1987). Among all non-Western agrarian civilizations, Japan is the one 
whose geo-climatic configuration is by far the closest to Northwestern Europe’s (as defined by the Cool water index, see 
Section 3). 
7 A recent study on eighteen-century Amsterdam shows that wages earned by female servants were substantial: “most 
servant women could save between one-third and half of the amount of money an unskilled man could save in the same 
period of time” (Boter, 2017, p. 71). 
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eight century council (796–97) held at Fréjus, in today’s Southeastern France, “explicitly states that 

the groom and bride should be ‘not of dissimilar age but of the same age.’ Many abuses take place, it 

warns, when the groom is adult and the bride immature, or vice versa. [...] The council strongly advo-

cated that marriage unite mature partners of equal age” (Herlihy, 1985, pp. 75–76). 

 

To avoid misunderstandings, we are by no means claiming that late female marriage ages created 

anything close to perfect gender equality. For example, studies have found gender gaps in survival 

opportunities in late marriage societies (e.g., Klasen, 1998), even though the magnitude of the gaps 

tended to be smaller than in current-day South Asia or China (Klasen, 2003). Instead, we suggest that 

late marriage societies generated opportunities for female individualization that were not available for 

their early marriage counterparts.8 While these opportunities did not eradicate women’s discrimina-

tion, they built the basis for emancipatory struggles against it. The consequences of these struggles 

are evident in the global variation in gender discrimination across countries today. Indeed, women of 

late marriage societies were in a better position to turn external events to their own advantage. The 

experience of service, for instance, could be turned into labor force participation during war periods 

(Goldin, 1991; Acemoglu et al., 2004). Centuries of high fertility elasticity with respect to environ-

mental factors facilitated the adoption of modern family planning technologies, such as the contra-

ceptive pill (Goldin and Katz, 2002). Moreover, a legacy of consensual marriages, joint decision mak-

ing, pooling of resources at marriage, and higher female bargaining power meant that women could 

reap the benefits of new consumer technologies that greatly reduced the burden of household chores 

(Greenwood et al., 2005; Cavalcanti and Tavares, 2008; Coen-Pirani et al., 2010). In early marriage 

societies, these opportunities passed by without major changes in the position of women. 

 

Origins of household formation patterns 

 

Diamond (1997) reinvigorates the notion that agriculture is forcefully shaped by an environment’s 

natural endowments. Specifically, what kind of crops can be grown and what type of cattle can be 

bred depends directly on climatic conditions, especially a climate’s thermo-hydrological configura-

tion, that is, temperature and water patterns. Consequently, the ways in which farming households 

                                                      

8 Centuries-old household formation systems shape women’s self-perceived agency and expectations about, say, partner 
selection and marital consent. For example, in the Indian Human Development Survey of 2005, 55 percent of married 
women who felt they played a role in the selection of their husbands first met them close to or on the wedding day (Banerji 
et al., 2008); a situation hard to conceive of wherever mutual consent, instead of parental consent, is the prevailing norm. 
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form in an agrarian economy should be a response to the challenges and opportunities embodied in 

this economy’s climatic conditions. 

 

Welzel (2013, 2014) summarizes the particular thermo-hydrological constellation of Northwestern 

Europe’s climate as the “Cool Water” (CW-) condition. The CW-condition combines periodically 

(albeit not permanently) frosty winters with mildly warm summers under the ubiquitous and perma-

nent accessibility of fresh water sources. This condition is indeed most prevalent in Northwestern 

Europe and fades gradually away as one moves to Eastern and Southern Europe. Outside Europe, 

the CW-condition only prevails in the former settler colonies of Northwestern Europe (i.e., parts of 

North America and Australia and New Zealand) and—at a less pronounced level—in Japan, the 

Korean peninsula, and adjacent territories in East Asia, as well as the isolated Southern tips of South 

America and Africa. According to Welzel, the significance of the CW-condition originates in the fact 

that it bestows on people some very basic existential autonomies that are absent under other condi-

tions. These autonomies incentivize a late marriage type of agrarian household formation. Two types 

of existential autonomy are particularly noteworthy: reproductive autonomy and water autonomy.9 

 

Reproductive autonomy is the degree to which people are exempted from the pressure to maximize fer-

tility. A crucial determinant of fertility pressure in agrarian societies is the infant mortality rate in-

curred naturally by an environment’s pathogen load; the infectiousness of its water sources; the scar-

city of fresh water, dairy products, and other foods; and heat stress. Welzel claims that the thermo-

hydrological features of the CW-condition reduce these risk factors. As a result, women in CW-areas 

could afford lower fertility levels to achieve the desired number of children that survive into adult-

hood.10 Moreover, the type of combined cereal-livestock farming made possible by the CW-condition 

requires lower labor inputs than, for instance, irrigation-managed agriculture and rice or tropical crop 

cultivation. Lower demands for labor inputs, including child labor, further reduce fertility pressures. 

Hence, women enjoyed more reproductive autonomy with respect to the timing of first marriage, the 

interval between pregnancies, and a higher recognition of their worth beyond the birth and care of 

children. 

                                                      

9 See Welzel (2013, 2014) for broader implications of the CW-condition for long-run development. Here, the discussion 
focuses exclusively on household formation patterns. 
10 We speculate that this is the mechanism implicit in Alfred Marshall’s observation, back in 1890, that: “The age of mar-
riage varies with the climate. In warm climates where childbearing begin early, it ends early, in colder climates it begins 
later and ends later; but in every case the longer marriages are postponed beyond the age that is natural to the country, 
the smaller is the birth-rate; the age of the wife being of course much more important in this respect than that of the 
husband” (Marshall, 2013, p. 150). 
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Reproductive autonomy partly originates in climatically induced disease security. The prevalence of 

non-host pathogens—from Malaria to yellow fever, dengue fever and other tropical diseases—in-

creases with average temperatures, a fact known as the latitudinal gradient (Guernier et al., 2004; 

Cashdan, 2014). Before 1750, infant mortality was mainly determined by infectious diseases (e.g., 

Deaton, 2013, pp. 81–87).11 In CW-areas, both cold temperatures and abundance of fresh water lower 

the pathogen load, also because fresh water is safer to drink under cold temperatures (Cashdan, 2014). 

The resulting lower fertility requirement in CW-areas meant that women’s time was less constrained 

by childrearing:  young women could therefore postpone marriage in response to labor market in-

centives (Smith, 1981; Cinnirella et al., 2017).12 

 

Water autonomy is the ability to access fresh water freely and permanently either for consumption, 

fishing, agriculture, transportation, or water power. Water autonomy is higher in colder, rainy areas. 

The availability of water was a major constraint for farming households in traditional agrarian socie-

ties. Areas suitable for large-scale irrigation agriculture developed more autocratic institutions and 

labor-repressive regimes compared to rain-fed agricultural societies (Bentzen et al., 2017). The coor-

dination of large irrigation infrastructure projects and the allocation of scarce water resources among 

farmers were best achieved by a centralized authority that could enforce water-sharing rules and col-

lect taxes to finance infrastructure investment. The monopoly of scarce water resources then became 

an instrument through which a small landowning elite confiscated rents from a mass of peasant 

households. This system of agricultural production was typical of Middle Eastern, Andean and Mex-

ican societies, as well as India and China (Wittfogel, 1957). In contrast, rain-fed agricultural produc-

tion was highly decentralized. The level of rents extracted by large feudal landowners in Northwest 

                                                      

11 Of course, Northwest European countries were early adopters of modern public health innovations, such as vaccina-
tions, from the second half of the eighteen-century onwards. Ager et al. (2018), for example, show how the introduction 
of the smallpox vaccine in Sweden in 1801 reduced infant mortality and, consequently, gross fertility. In this article, we 
are referring to long-run preindustrial differentials in infant mortality before such innovations became available. For exam-
ple, in 1750–1800, before the introduction of smallpox vaccination, Sweden’s infant mortality rate was fluctuating around 
a stable mean of 211 deaths out of 1000-live births (Ager et al., 2018, Figure 3, Panel A). In 1960, the corresponding 
figure was 210 in Egypt and 220 in Nepal; in 1965, it was 225 in Afghanistan and 263 in Yemen (World Bank, 2016). If 
we assume that these latter countries experienced some improvement in infant mortality rates in the two-hundred-year 
period 1750–1960, they must have exhibited historical infant mortality rates that were substantially higher than those of 
Sweden. The lack of available cross-country data on preindustrial infant mortality rates, particularly for non-European 
countries, prevents us from testing this mechanism in an econometric framework. 
12 Some authors have proposed a direct link between high pathogen prevalence and collectivist cultures, as societies 
develop strong distrust of strangers and in-group bias as an evolutionary strategy against infectious diseases (Fincher et 
al., 2008; Murray and Schaller, 2010). This theory could also explain why, in areas with high pathogen prevalence, pref-
erences for extended households based on kinship were relatively stronger. 
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Europe never reached the amount extracted by their irrigation-areas counterparts (e.g., Jones, 1981; 

Powelson, 1994; Mitterauer, 2010). Moreover, the ubiquitous availability of fresh water makes most 

available land arable, thus turning valuable land into a ubiquitous asset that defies centralized control. 

Entry barriers and fixed costs of farming are lower when there is no need to maintain expensive 

irrigation (Haber, 2012). Finally, the lush pastures typical of CW-areas lend themselves to a combined 

form of cereal and livestock farming that widens nutritional options and easily feeds a small family 

while keeping the demand for child labor at the low end.13 Together with a lower infant mortality, 

the weak demand for child labor further reduces the fertility pressures on women. 

 

Thus, areas with cool temperatures and rainfall throughout the seasons enhance water autonomy and 

reproductive autonomy, thus proliferating the natural basis of egalitarian individualism and its expression 

in the late-marriage system. Over time, these marriage patterns became embedded in both formal 

and informal institutions, thereby persisting until today. We note that, in theory, the CW condition 

could still have a direct impact on present day marriage ages. We believe however that, if present, this 

direct effect is at most marginal. The mechanisms of reproductive and water autonomy lost relevance in 

most modern countries either because family farming is now a residual activity, or because medical 

innovations and public health measures have weakened the link between geography and infant mor-

tality. Therefore, we posit that any persistence of the CW effect on contemporary marriage patterns 

runs through the long-term effect of CW on historical marriage patterns, rather than through a con-

temporary direct effect. 

 

Voigtländer and Voth (2013) highlight another important mechanism. They show for early modern 

England that a higher share of land devoted to animal husbandry, relative to plow agriculture, in-

creased the ages at first marriage for women and the proportion of young women in service. The 

reason is that, given their comparative disadvantage in plow agriculture, women have higher employ-

ment prospects in pastoral farming. According to Voigtländer and Voth, another push towards the 

late marriage pattern resulted from the Black Death, which wiped out at least one third of the Euro-

pean population in the fourteen century. Consequently, the land-to-labor ratio increased, making 

animal husbandry more attractive because it is a land-intensive and labor-saving sector compared to 

plow agriculture. Yet, a shift to animal husbandry was an option only in regions where there was 

                                                      

13 In thirteenth- and fourteenth-century England, for example, the labor inputs, per unit of land, required for pastoral agri-
culture were one-fifth of those required for arable cultivation (Campbell, 2000, p. 10). 
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sufficient rainfall to sustain year-round grazing fields. In contrast, “[a]gricultural conditions in Medi-

terranean countries did not favor the pastoral farming of the type common in Northwest Europe. In 

particular, low rainfall made it impossible to keep large herds of cattle and sheep in the same area 

year-round” (Voigtländer and Voth, 2013, p. 2250).14 Thus, if the Black Death was indeed the event 

responsible for a further push towards the late marriage pattern15, its impact was conditional on local 

geo-climatic characteristics embodied in the CW-condition. 

 

The timing of the transition to sedentary agriculture is a potential confounding factor of our CW-

thesis. Especially in Europe, agriculture spread from the Fertile Crescent towards the European pe-

ripheries until it reached Northwestern Europe around 5,000 BCE. Clearly, this was a transition from 

a warm and arid core towards increasingly colder and wetter regions. Thus, the effects we attribute 

to the CW-condition could be very hard to distinguish from those of being a later adopter of agricul-

ture. However, existing evidence contradicts this idea. In a detailed study, Olsson and Paik (2016) 

explore how the spread of agriculture throughout European sub-national regions affects contempo-

rary individualistic values, measured from World Value Survey data. They show that, in the period 

9,000–5,500 BCE, the diffusion of agriculture across Europe from Southwest Asia is correlated with 

lower preferences for obedience; i.e., regions with shorter agricultural histories value obedience rela-

tively less. However, this relationship completely disappears after 5,500 BCE, just as agriculture is 

about to reach Northwestern Europe (Olsson and Paik, 2016, Table 5). Over the two millennia during 

which agriculture spread throughout Northwestern Europe, there is no correlation between the tim-

ing of agricultural adoption and societal preferences for obedience. 

 

Our theory explains this apparent puzzle. It is the CW-condition, not the years of agriculture, that 

explains societal preferences for obedience. The correlation between obedient orientations and the 

length of the agrarian legacy exists only as long as the CW-areas remain non-agrarian. In the moment 

they turn agrarian, the correlation vanishes and it does not matter anymore when the transition took 

place. What mattered was that, once adopted, agricultural societies in those regions enjoyed higher 

levels of reproductive and water autonomy than their Southern and Eastern European neighbors. As 

                                                      

14 In regions where animal husbandry depends on great distance traveling, this activity becomes incompatible with chil-
drearing and women lose their comparative advantage. 
15 See Dennison and Ogilvie (2014, p. 673) and Edwards and Ogilvie (2018) for a rebuttal of this claim. 
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a result, over the centuries, CW-areas preserved the lower valuation of obedience typical of pre-

agrarian societies, independently of the length of their agricultural histories.16 

 

From the theoretical discussion above follow four propositions, which the remainder of this article 

will investigate: 

 

(1) A society’s CW-condition correlates positively with its historical age at first marriage for 

women. Because of data limitations, we demonstrate this proposition mostly for European 

countries and a selection of non-European countries, representing major civilizations in 

pre-colonial history. 

 

(2) Because centuries-old household formation patterns become encultured in a society’s en-

during norms, a society’s CW-condition correlates positively with contemporary ages at 

first marriage for women. We demonstrate this proposition for all countries in the world 

with available data. 

 

(3) Historically as well as contemporary late ages of marriage for women are positive determi-

nants of various gender egalitarian outcomes today, mediating the initial impact of the CW-

condition. 

 

(4) The CW-condition’s emancipatory impulse is not absorbed by other deep historic drivers 

championed in the literature, but is a significant driver even when controlling for these 

other effects. 

 

Data and descriptives 

 

We briefly describe the variables used in the empirical section and present selected descriptive statis-

tics. A full list of all variables used, their sources and summary statistics can be found in Table A1. 

 

                                                      

16 A further piece of evidence consistent with our interpretation is that the effect of years of agriculture on preferences for 
obedience stops being statistically significant as soon as latitude is included as a control variable (Olsson and Paik, 2016, 
Table 3a). 
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As main contemporary measures of gender equality, we use the average female to male ratio in 1990–

2010 of: (i) labor force participation rates for the age group 25–59 from the ILO Laborsta EAPEP 

6th Revision (2011), (ii) life expectancy at birth from the World Bank’s World Development Indica-

tors, and (iii) mean years of education of the 25+ years old from Barro and Lee (2013). In addition, 

we consider the share of firms with some degree of female ownership, the share of parliament seats 

held by women, and the UNDP’s Gender Development Index. 

 

Our contemporary data for ages at first marriage is from the United Nations’ World Marriage Data 

(UN 2009), which covers the period 1960–2008. We use the singulate mean age at first marriage 

(SMAM) for men and women. For each country, we select data from its first available year, which 

ranges from 1960 to 2006 (see Table 1) with the period 1960–1980 accounting for 80 percent of the 

observations.17 

 

[Table 1 about here] 

 

We take historical data on European female ages at first marriage from Dennison and Ogilvie (2014). 

They collect marital ages between 1500 and 1900 from 365 studies on historical demography and 

harmonize the data by regressing the marital ages on several characteristics of the sources from which 

they were extracted.18 We use the country-specific coefficients from that multivariate regression, 

where England is the omitted country (Dennison and Ogilvie, 2014, Table 2). The fact that female 

ages at first marriage were rising, on average, throughout the whole 1500–1900 period is not a major 

issue since Dennison and Ogilvie’s regression also controls for the historical time period covered by 

each of the demographic studies, thereby purging the country-specific estimates from overall trends.19 

Table 1 shows that, on average, the 28 European countries for which data are available have female 

ages at first marriage around 2 years below that of England. Yet, there is substantial variation: Bela-

rusian brides were almost 7 years younger (at first marriage) than English brides, whereas Danish 

                                                      

17 We make only two adjustments. First, for Malta, we do not use data from its first available year, 1967, because it 
includes nationals living outside the country; instead we use data for the next available year, 1985. Second, for Jamaica, 
we do not use the first available year, 1970, because it is an extreme outlier from trend, as shown in Figure 4; instead we 
use data for the next available year, 1982. 
18 Carmichael et al. (2016, p. 200) discuss limitations of these data. 
19 Denmark’s 2.36 value, for example, “shows that its female age at first marriage was 2.36 years higher than England’s, 
controlling for time period, unit of observation, settlement size, publication type, and sources and methods used” (Den-
nison and Ogilvie, 2014, p. 663). 
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brides were approximately 2 years older. The female age at first marriage for England, the reference 

country, is 25.26 years. 

 

For non-European historical data, we take Gapminder’s female SMAM for the period 1800–1900. 

Of the 27 countries with available data, 11 are non-European.20 We interpret these data with caution, 

since they are collected from a variety of sources and, in some cases, supplemented by qualitative 

adjustments or backward extrapolations by Gapminder.21 

 

Considering the deep historic determinants of gender equality, we use the three variables most prom-

inently discussed in the literature. To begin with, years of agriculture is the number of thousands of years 

from 1500 C.E. since the Neolithic revolution, as provided by Putterman and Trainor (2006). Plow 

usage and agricultural suitability are taken from Alesina et al. (2013), with plow usage indicating the 

proportion of a country’s population with ancestors that used the plow in preindustrial agriculture. 

Agricultural suitability measures the suitability of ancestral land for the cultivation of barley, wheat, 

sorghum, rye, foxtail millet, or pearl millet. Summary statistics for these variables are shown in Table 

1. 

 

The Cool Water Index 

 

To measure the CW-condition, we rely on geo-climatic data from Parker (2000) as well as Gallup et 

al. (2010). These data have no specific time frame. Thus, apart from minor short-term fluctuations—

such as the little ice age and interglacial warming—the CW-condition captures territorial differences 

in thermo-hydrological conditions that have been relatively constant over the past 11,000 years when 

the last ice age ended. 

 

The CW-condition constitutes a specific thermo-hydrological configuration, namely, the combina-

tion of cold winters with mild summers under the ubiquitous availability of fresh water. This condi-

tion is prevalent in territories of high latitude in coastal proximity. 

                                                      

20 Armenia, Azerbaijan, Bangladesh, China, Egypt, Georgia, India, Japan, Kazakhstan, Pakistan, Sri Lanka, and United 
States. 
21  For more details, see the original documentation of these data at https://www.gapminder.org/wpcontent/up-
loads/2008/10/gapdoc009.pdf. For the 10 European countries for which both Gapminder and Dennison and Ogilvie (2014) 
report data, the correlation coefficient is 0.95. Non-European data are of much lower quality. They are only used for an 
additional analysis; results are posted in the Online Appendix. 
 

https://www.gapminder.org/wpcontent/
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To capture the CW-condition’s thermal aspect, we take latitude as the starting point, using each 

country-centroid’s latitude in degrees.22 Higher latitudes get us away from the tropics and into areas 

with lower seasonal temperatures on average. 

 

However, not all high latitude areas comprise the CW-condition’s moderate seasonality, which com-

bines winter cold with mostly mild summer heat. Thus, we need to further qualify latitude for this 

additional thermal condition. To do so, we take the usual peak temperature (in degrees Celsius) in a 

country-territory’s hottest month of the year, which is July or August in the Northern hemisphere 

and February or March in the South. Interestingly, while average annual temperature correlates 

strongly and negatively with latitude23, summer heat is uncorrelated with latitude.24 For instance, sum-

mer heat peaks are as high in Mongolia as they are in Somalia. This pattern reflects the fact that mild 

summers mostly prevail in high latitudes but not all high latitudes belong into this category because 

they are divided into continental climates (with high summer peaks) and maritime climates (with low 

summer peaks). Thus, latitude is an ideal representative of cold winters, yet not of mild summers. To 

measure indeed the mildness of summers, we calculate the inverse of peak summer heat. 

 

For the very same reason, high latitudes include most of the countries that possess the hydrological 

features of the CW-condition, and yet this is only a subset of the countries in high latitudes. There-

fore, it is necessary to capture the hydrological features of the CW-condition by an additional, inde-

pendent measure: continuous rain. 

 

To capture continuous rainfall, average annual precipitation per month would be a misleading yard-

stick. The reason is that average annual precipitation correlates strongly with tropical climates and 

negatively with latitude25 and is, thus, untypical for CW-regions. Most tropics have a monsoon season 

in which the extreme amount of rain is excessive and water, while abundant, is wasted and harmful 

(e.g., floods). Misleadingly, these extremes inflate the measure of average annual precipitation per 

                                                      

22 The highest latitudes are 90 degrees at the poles. No country-centroid comes even close to that. In the Northern hem-
isphere, the highest latitude is obtained by Norway at about 67 degrees. In the Southern hemisphere it is New Zealand at 
about 42 degrees. We equate Norway’s 67 degrees with 1 and standardize all other country-centroids’ latitudinal degrees 
to this maximum. 
23 The country-centroids’ latitudes correlate with the countries’ annual mean temperatures at r = −0.89 (N=183; p-value = 
0.001, 2-tailed). 
24 r = 0.07 (N=183; p-value = 0.336, 2-tailed). 
25 Average annual rainfall per month and latitude correlate at r = −0.53 (N=177; p-value = 0.00, 2-tailed). 
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month. Thus, the necessary qualification needed to capture the CW-condition’s typical precipitation 

pattern is a focus, instead, on whether the rainfall in a region’s driest month is high. To capture this 

feature, we use the typical rainfall level (in cubic millimeters) in a country’s driest month.26 To correct 

a distribution skewed to the top in this measure, we calculate its square root. Doing so moves extreme 

outliers at the high end of this measure (i.e., Pacific islands) closer to the center of the distribution. 

We call this measure henceforth continuous rain. 

 

The next question is how to combine (1) latitudinal height, (2) summer mildness, and (3) continuous 

rain. These measures should be combined in a way that best represents in a single indicator the 

thermo-hydrological configuration typical of the CW-condition. Instead of imposing a theoretical 

solution on this problem, we subject the three measures to an exploratory factor analysis. As it turns 

out, the three measures reflect two independent dimensions. Continuous rain and mild summers 

represent one dimension, with factor loadings of 0.80 (mild summers) and 0.77 (continuous rain). 

High latitudes, by contrast, represent a separate dimension, on which only this measure shows a major 

loading (i.e., a factor loading of 0.95).27 

 

In terms of substance, the first dimension of this factor solution represents maritime climates, which 

capture the water-component of the CW-condition. The second dimension, by contrast, represents 

what is unique to high latitudes irrespective of maritime climates, which is cold winters. In other words, 

the second dimension captures the coolness component of the CW-condition. 

 

These results show that CW is a condition that combines two independent components into a single 

configuration. Accordingly, the measurement of CW should represent this pattern and proceed as an 

additive combination of its two independent components. Following this premise, we calculate for 

each country its factor score on the first dimension (i.e., the water factor) and on the second dimen-

sion (i.e., the coolness factor).28 The latter represents the coldness of winters independent of maritime 

climates, for which reason country scores on the first dimension (i.e., the water factor) and the second 

                                                      

26 Continuous rain in this definition is literally uncorrelated with average annual rainfall per month. 
27 The factor analysis has been conducted across 183 countries for which all three measures are available. The analysis 
has been conducted under the “Kaiser-criterion,” advising the extraction of as many factors as there are with Eigenvalues 
above 1. The factor loadings we report are obtained after a “varimax-rotation.” The factor solution explains 75 percent of 
the variance. 
28 We compute regression-based factor scores, i.e., weighted averages of factor loadings, the raw variables of interest, 
and the inverse of their covariance matrix (Thompson, 1951). 
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one (i.e., the coolness factor) are uncorrelated. Hence, we can calculate CW as an additive combina-

tion of two independent components by taking the arithmetic mean of the water and the coolness 

factor.29 

 

Should the effects of CW’s coolness component and its water component indeed add on each other, 

this additive combination will capture both effects in a single measure. In other words, if it is really 

the combination of coolness and water that makes the difference, this additive measure will isolate 

that effect. 

 

In addition, however, as a validity check, we point to evidence that the CW-condition, as measured 

here, correlates with a similar measure of climatic configuration. In the Koeppen-Geiger classification 

of climate zones (Peel et al., 2007), the CW-condition correlates strongly with a country’s share of 

land area in what is called the cold-to-temperate zones that lack a dry season.30 

 

We also acknowledge that a key concern with our CW-index relates to differences in country area 

size. Indeed, scores on the CW-index might not be comparable across countries with different area 

sizes when bigger size implies higher within-country variability in the CW-condition. In the Online 

Appendix, we deal with this issue.31 Territorial country size is entirely unrelated to within-country 

variability in the CW-condition. Moreover, only 14 percent of the total variation in the CW-condition 

is within countries, while 86 percent is between countries. Hence, country-mean differences in the 

CW-condition are significant and meaningful as they capture by far most of the existing territorial 

variation in CW-conditions.32 

 

To ensure comparability to the previous literature we take the same set of baseline historical controls 

used by Alesina et al. (2013): (1) the presence of large domesticated animals, (2) the number of levels 

in political hierarchies, and (3) the level of economic complexity proxied by the type of settlement 

patterns (e.g., nomadic vs. complex settlements). The only exception is that we do not include the 

                                                      

29 We do this after having normalized the two factor-z-scores for each country into a range from 0 for the lowest scoring 
observation and 1 for the highest scoring one. 
30 A country’s CW-condition correlates with its territorial share in the temperate-rainy climate zone (called “cf”) at r = 0.66 
and with its territorial share in the cold-rainy zone (called “df”) at r = 0.49 (N=156; p-value = 0.00, 2-tailed for both corre-
lations). 
31 A previous version of this index (Welzel, 2014) also included the coastline share of a country’s borders as a proxy for 
temperate maritime climates. We discuss this change and compare the two versions in the Online Appendix. 
32 For a world distribution of the CW-index see Figure 5. 
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proportion of ancestral land that is tropical or subtropical in our baseline specification for reasons 

discussed below. Nevertheless, we include this variable in our set of additional controls for robustness 

checks. As contemporary controls, we follow the literature in using the natural log of per capita 

income and its square.33 

 

[Figures 2 and 3 about here] 

 

For Europe, we find that ages at first marriage for women have persisted over centuries. Figure 2 

displays the positive correlation between historical and contemporary marital ages for women. Coun-

tries with higher marital ages for women in 1500–1900 have older brides at first marriage in the 

postwar period. Moreover, as hypothesized, there is a negative correlation between the husband-wife 

age gap and the CW-condition (Figure 3). The relationship looks fairly linear; furthermore, it is not 

just a “European artifact” but holds for different continents and world regions. To test more rigor-

ously if these descriptive correlations are in fact meaningful, we move to a multivariate regression 

framework which is outlined in the next section. 

 

Empirical strategy 

 

We test our hypotheses by estimating regressions of the form: 

 

𝑦𝑖 = α + 𝐻𝑖
′β + 𝑋𝑖

𝐻′γ + 𝑋𝑖
𝐶′δ + θ𝑐 + ϵ𝑖     (1) 

 

where 𝑦𝑖 is the outcome variable of interest for country i; 𝑯𝒊 is a vector of potential deep determi-

nants—CW-index, years of agriculture, plow, and agricultural suitability; 𝑿𝒊
𝑯 is a vector of historical controls 

of country i’s ancestral population; 𝑿𝒊
𝑪 is a vector of contemporary control variables; θ𝑐 is a continent 

fixed effect. To ensure comparability to the previous literature we take the same set of historical 

controls used by Alesina et al. (2013). Unlike Alesina et al. (2013), we do not include the proportion 

of ancestral land that is tropical or subtropical in our baseline regressions because tropical areas are 

                                                      

33 We use a large set of additional control variables in our robustness checks. For convenience, these are introduced in 
the text whenever necessary. For a full list see Table A1. 
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already partially captured in our CW measure: they correlate very strongly with lower latitudes. Ac-

cordingly, ancestral tropical climate correlates strongly and negatively with the CW-index (r ≈ −0.72), 

while being, in our view, a much less fine-grained geo-climatic measure than the CW-index. Never-

theless, we estimate additional regressions where tropical climate is included to show that the CW-

index is not merely capturing different degrees of exposure to tropical climates. As contemporary 

controls, we also follow previous literature in using the natural log of per capita income and its square, 

typically referring to the same time period of the outcome variable, 𝑦. The inclusion of income levels 

on the right-hand side of the regression equation raises the issue of endogeneity, to the extent that 

most of the other historical regressors are thought to partially determine current income levels. How-

ever, since we are interested in the persistent effect of deep determinants in contemporary outcomes, 

it seems natural to condition on contemporary income levels. The empirical exercise then asks the 

following question: how relevant are deep rooted variables for explaining the share of variation in y 

that is left unexplained once current income levels have been taken into account? 

 

The main potential flaw of our empirical strategy is that the effect of the CW-index might be spurious 

due to omitted variable bias. Given the cross-sectional nature of our data, we cannot remove time-

invariant unobservables by employing country fixed effects. We go at great lengths to convince the 

reader that our relationships of interest are not driven by third factors. First, we explicitly control for 

several candidates of such omitted factors in additional regressions. Second, we estimate how large 

selection on unobservables needs to be relative to selection on observable characteristics in order to 

fully explain away the CW-effect (Altonji et al., 2005; Oster, 2019). Third, we test the sensitivity of 

our estimates to subsample selection. In particular, we differentiate between Old versus New World 

samples to prevent mass migration movements post-1500 from biasing our results (e.g., Olsson and 

Paik, 2016, p. 205), and exclude, respectively, Europe and Sub-Saharan Africa from the sample be-

cause the former is home to the most extreme historical version of a late marriage pattern and the 

latter is unique in its prevalence of polygynous marriages. 

 

Results 

 

Ages at first marriage and gender equality 

 

We start by establishing that contemporary ages at first marriage between the spouses correlate with 

gender equality today (Table 2). We use several alternative measures for contemporary ages at first 
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marriage: the female and male SMAM, the ratio of female-to-male SMAM, and the difference be-

tween male and female SMAM.34 The indicators of gender equality are the average female-to-male 

ratios in labor force participation rates, life expectancy, and years of education for the period 1990–

2010.35 Due to reverse-causality concerns, we use the earliest available year of SMAM data for each 

country and exclude countries whenever this year is later than 1990. To account for possible world-

wide trends in SMAM over time, we include the year of the SMAM observation as a control variable.36 

 

[Table 2 about here] 

 

As shown in Table 2, countries with older brides and younger grooms have higher female-to-male 

labor force participation ratios (column 1), higher female-to-male life expectancy ratios (column 4), 

and higher female-to-male years of education ratios (column 8). These relationships are confirmed 

by the positive and highly significant effect of the female-to-male SMAM ratio for gender ratios in 

labor force participation and life expectancy (columns 2 and 5), as well as the negative and highly 

significant effect of the male to female difference in SMAM for the same outcomes (columns 3 and 

6). For gender education ratios, the coefficients have the expected sign but are either statistically 

insignificant (column 9) or barely significant (column 8). However, this result is driven by Middle 

Eastern and North African countries. The MENA region experienced large increases in female edu-

cation (e.g., in the Gulf States, by allowing women to pursue higher education) without corresponding 

improvements in labor market participation or ages at first marriage.37 

 

                                                      

34 Note that these three measures have different interpretations. When including both the female and male SMAM as 
separate regressors, their coefficients estimate the effect on y of one additional SMAM, on average, for gender X, holding 
the SMAM for gender Y constant. When using the ratio between female and male SMAM, one implicitly weights the age 
differences between the spouses in the inverse proportion of their age levels. When using the simple difference between 
male and female SMAM, one weights age differences equally, irrespective of the average age level of the spouses at first 
marriage. 
35 We average the dependent variables over a 20-year period because a single year might be unrepresentative of the 
actual cross-sectional differences between countries. The results are robust to using the dependent variables for 2000, 
instead of averaging between 1990–2010; available upon request. 
36 As a robustness check, we run the analyses taking the earliest data point for the period 1985–1994. By reducing the 
time window considerably, we can avoid potential problems of inter-temporal comparison. While our sample size is re-
duced from 119–132 countries to 101–115, the results do not change qualitatively and are available upon request. 
37 If we exclude the MENA countries for the regression in Table 2, column 9, the effect of male-to-female SMAM difference 

increases in absolute magnitude by a factor of 1.7 and becomes highly significant: 𝛽̂w/o MENA = −0.024, robust s.e. = 
0.009, p-value = 0.008. Including the MENA region, but measuring the ratio of female-to-male education in 1990 (instead 

of the 1990–2010 average) also produces a larger coefficient (in absolute terms) than that of column 9: 𝛽̂1990 = −0.018, 
robust s.e. = 0.008, p-value = 0.028. 
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Overall, the estimated coefficients of Table 2 have economic relevance. They suggest, for example, 

that a one-year reduction in the average age difference between the groom and the bride is associated, 

on average, with a 3.5 percentage point increase in the ratio of female-to-male labor force participa-

tion and 0.6 percentage point increase in the ratio of female-to-male life expectancy years. 

 

Consistent with Hansen et al. (2015), longer histories of agriculture are negatively and significantly 

correlated with gender equality in labor force participation, health, and education. Ancestral plow use 

is also negatively correlated with gender equality in labor force participation, which replicates the 

findings of Alesina et al. (2013). It is also the case that historical agricultural suitability is positively 

associated with higher female participation in the labor force, as hypothesized by Hazarika et al. 

(2019). However, both the plow and agricultural suitability are uncorrelated to gender equality in life 

expectancy and education. Since, at this stage, we do not use the CW-index as a regressor, we can 

reproduce the full specification of Alesina et al. (2013), which includes tropical climate in the vector 

of historical controls. All else being equal, countries with a high share of tropical ancestors perform 

significantly worse in labor force participation and life expectancy but not significantly worse in ed-

ucation. 

 

Furthermore, higher SMAM for women (and lower SMAM for men) positively and significantly cor-

relates with alternative measures of gender equality previously used in the literature such as the share 

of firms with some degree of female ownership, the share of parliament seats held by women, and 

the UNDP’s Gender Development Index, as shown in Table A2. 

 

We explore the sensitivity of these results to subsample analyses (Table A3). Excluding Sub-Saharan 

Africa, the Americas and Oceania (i.e., the New World), or Europe does not affect the overall finding 

that higher ages at first marriage for women and lower ages at first marriage for men are positive and 

significant correlates of gender equality in labor force participation and life expectancy, although 

insignificant for gender equality in years of education. 

 

Cool water breeds late-marriage societies 

 

Having shown that ages at first marriage are indeed important factors for gender equality, broadly 

defined, we now test if the CW-condition is a relevant determinant of gender gaps in ages at first 
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marriage. We estimate the baseline specification, with the alternative SMAM variables on the left-

hand side and include the CW-index as a new explanatory variable. 

 

Table 3 shows the results. As hypothesized, the CW-index has a positive and significant effect on 

female SMAM, the ratio of female-to-male SMAM and a negative effect on the difference between 

male and female SMAM. These effects do not disappear once the other deep determinants are in-

cluded. In fact, the CW-impact on the gender differences becomes larger in absolute terms. The esti-

mates in column 8, for example, imply that a one standard deviation increase in the CW-index is 

associated with a 10-month reduction of the average gap between male and female ages at first mar-

riage.38 This is a sizable effect: 10 months corresponds to roughly 20 percent of the world’s average 

gender gap in ages at first marriage, which is 4.12 years in the period considered (see Table 1). In 

contrast, none of the other deep determinants—whether years of agriculture, historical plow use, or 

historical agricultural suitability—are significant at the 5 percent level, once the CW-index is included. 

Interestingly, the ages at first marriage for women and men increase with per capita income (averaged 

over the period 1960–1980), following an inverted U-shaped function that peaks around 13,000–

13,500 PPP-$. But there is no evidence that women’s SMAM approaches men’s as countries get 

richer, since the income coefficients for the female-male age ratio or the male-female age difference 

are not statistically significant.39 These results suggest that while marital ages do respond to economic 

development and follow global trends they do so similarly for both sexes, thus leaving ratios and 

differences untouched. Over time, as income levels rise, there is no evidence of convergence between 

female and male ages at first marriage, which supports the view that persistent, deep-rooted patterns 

dominate this relationship.40 The results hold for the usual three subsamples: without Sub-Saharan 

Africa, without the New World, and without Europe, as shown in Table A5. 

 

[Table 3 about here] 

 

                                                      

38𝛽𝑐𝑤̂ ∗  𝜎𝑐𝑤 =  −5.902 ∗  0.145 ≈  −0.856 𝑦𝑒𝑎𝑟𝑠 (≈  −10.27 𝑚𝑜𝑛𝑡ℎ𝑠).  
39 The coefficients for the year of the SMAM observation tell a similar story: while ages at first marriage have increased 
over time for both women and men (columns 2 and 4), the time trends for the ratio or differences between the sexes are 
not statistically significant. 
 
40 In Table A4, we “unpack” the CW index by replacing it in the regressions with its raw variables. Absolute latitude and 
summer mildness correlate negative and significantly with the male-female age gap at first marriage. The coefficient for 
continuous rain is also negative but not significant at conventional levels. In column 7, we show that both factor scores, 
coolness and water, have large, negative, significant effects. Moreover, there is no evidence of additional interaction 
effects between the two factors (column 8). 
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We have thus far a negative correlation between the CW condition and gender gaps in ages at first 

marriage in the postwar period. Our interpretation is however that this present day correlation 

emerges from the effect of geo-climatic conditions on preindustrial marriage patterns. Over time, these 

marriage patterns became embedded in both formal and informal institutions, thereby persisting until 

today. Although we cannot empirically exclude that the CW condition has a direct contemporary 

effect of ages at first marriage, we can ask whether the CW effect is mainly tied to a geographical area 

as such or to its ancestral inhabitants (Putterman and Weil, 2010). Hansen et al. (2015) show that the 

negative effect of longer histories of agriculture on gender equality becomes stronger after weighing 

their variable on the timing of the Neolithic revolution with post-1500 migration flows from Putter-

man and Weil (2010). In the same spirit, we create an alternative version of the CW index by weighing 

it with Putterman and Weil’s World Migration Matrix data. This “ancestry-adjustment” strengthens 

the CW effect (see Table A6 for point estimates), suggesting that the historical CW condition of a 

population matters more than the CW condition of its present-day place of residency. This is con-

sistent with our hypothesis that the results reveal the long-run persistence of a preindustrial relation-

ship, rather than a contemporary one, between a society’s geo-climatic configuration and its house-

hold formation patterns. However, adjusting the CW index in this way is problematic if the migration 

flows are endogenous to marriage patterns, as in the case where areas with favorable CW conditions 

were to attract immigrants with strong preferences for late marriage patterns of household formation. 

Indeed, Northwestern Europeans have largely settled in the regions of the New World with the high-

est score of the CW index.41 The unadjusted CW measure is free from this specific source of endoge-

neity bias. Thus, even though the estimated effects are stronger with the ancestry-adjustment, we 

decide, as a matter of caution, to present the remaining results without this adjustment. 

 

It is important to note that if, by construction, the CW index would uniquely fit the geo-climatic 

features of Northwest Europe and its New World colonies, then it would necessarily be also corre-

lated with all the unobservable factors that might explain its (potentially) unique preindustrial late 

marriage pattern. If this were the case, our results would be completely spurious. It is therefore es-

sential to refute this possibility. First, we use a data-driven approach (factor analysis) for the con-

struction of the CW index in order to minimize the concern that the world distribution of this variable 

results from ad hoc weighting decisions. Second, we show that our results are not dependent on 

                                                      

41 The correlation coefficient of the CW indexes adjusting or not for post-1500 migration is 0.96. For comparison, the 
correlation between the adjusted and unadjusted years of agriculture variable used by Hansen et al. (2015) is 0.85. 
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Northwest Europe or Western offshoots. Both including dummy variables for these groups of coun-

tries or excluding them altogether from the estimation sample does not affect the main result: a highly 

significant and negative effect of the CW index, only slightly weaker in magnitude (Table A7).42 In 

other words, the association of the CW index with ages at first marriage is not a spurious idiosyncrasy 

of Northwest Europe and its offshoots, but a broader relationship that holds for the rest of the globe. 

 

The inclusion of further control variables does not affect the relationship between the CW-index and 

the average age gap between groom and bride. We start by including tropical climate in column 2 of 

Table 4, since it could be that the relevant variation captured by the CW-index is that between tropical 

and non-tropical countries. The results show otherwise; the coefficient for CW remains negative and 

highly significant, whereas the tropical climate coefficient is statistically indistinguishable from zero. 

This demonstrates that the CW-index is more than just an inverse measure of tropical temperatures. 

What distinguishes it from such an inverse measure is that it gives a premium not just on high latitude 

but more specifically on high latitude with minimized seasonal extremity and continuous rain. 

 

Another possible source of error is that the CW-index captures the fact that European colonizers 

settled by and large in all the major CW-areas outside Europe, with the exception of Japan and the 

Korean peninsula. Thus, it could simply be that settlers from late marriage European societies “ex-

ported” the late marriage pattern to their overseas offshoots. Even though the subsample analyses of 

Tables A5 and A7 do not support this argument, we provide a more rigorous test by including the 

weighted genetic distance between each country and the United Kingdom from Spolaore and 

Wacziarg (2009).43 If the CW-index was indeed a mere proxy for areas of European settlement 

around the world, we would expect the relationship between CW and ages at first marriage to vanish 

once the genetic distance from Western Europe is held constant. However, as seen in column 3, the 

coefficient of CW remains negative, statistically significant, and, if anything, the effect becomes 

stronger. On column 4, we go beyond controlling for contemporary income difference across countries 

and also control for preindustrial differences in the level of development. Following the literature, 

                                                      

42 Northwestern Europe includes: Belgium, Denmark, France, Germany, Iceland, Ireland, Netherlands, Norway, Sweden, 
and the United Kingdom. Excluding France from this list has no impact on the results. Western offshoots are Australia, 
Canada, New Zealand, and the United States. 
43 The weighted genetic distance is the expected value of the genetic distance between two randomly picked individuals 
for each pair of countries. See more details in Spolaore and Wacziarg (2009).  
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we use population density in 1500 as a proxy for development in the Malthusian era (e.g., Spolaore 

and Wacziarg, 2013, footnote 3). But the CW-effect does not change. 

 

Alternatively, it could be the case that per capita income levels do not reasonably proxy other devel-

opmental dimensions that might be driving the correlation between the CW-index and ages at first 

marriage. In particular, education levels and formal institutions are plausible candidates for such 

omitted factors. More educated individuals marry later, and better formal institutions could be 

stronger at enforcing minimum-marital-ages legislation, or recognizing individual consent as the basis 

for a lawful marriage. In columns 5–6 we include, respectively, the mean years of education in 1950 

for the total population and by gender; in columns 7–8, we include the polity2 score in 1980 as a 

measure of democracy and the World Bank’s rule of law variable in 2000 (Kaufmann et al., 2011) as 

a measure of institutional quality. The CW coefficient remains negative and significant, and of com-

parable magnitude throughout. 

 

Religion poses a particular challenge. While certain authors regard religion as a crucial determinant 

of gender inequality (e.g., Fish, 2002; Inglehart and Norris, 2003; Lagerlöf, 2003; Carmichael, 2011), 

others have argued that religion is endogenous to pre-existing factors. As such, religion would be a 

“bad control” to include since it would shut down important transmission mechanisms from the 

deep determinants to the outcome of interest. Boserup (1970) recognized this problem in her original 

plow vs. shifting agriculture argument. In particular, she claims that the use of the veil or the burqa 

was a direct consequence of female domestic seclusion due to plow agriculture; only afterwards did 

it become incorporated in the religious practices of those societies. Being a consequence of the plow, 

religion would mistakenly absorb much of the plow’s gender-inegalitarian effect in any regression of 

gendered outcomes. Alesina et al. (2013) find indeed that including religion reduces the effect of the 

plow by 20 percent.  

 

In general, this strand of argument claims that emerging religions absorbed, incorporated and codi-

fied many pre-existing local practices and beliefs, rather than having introduced them. Hartman 

(2004) argues that, in medieval Europe, the Catholic doctrine of individual consent being a sufficient 

condition for the validity of marriage was widely followed in the Northwestern societies but rarely so 

in (deeply Catholic) Italy, Spain, and Southern France. Similarly, Hansen et al. (2015, p. 378) and 

Hazarika et al. (2015, pp. 19–20) discuss how pre-existing gender norms influenced early Islamic 

doctrine. 
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Despite the controversy on whether religion is a “bad control”, we include the population shares of 

Catholics, Protestants, and Muslims in 1980 (with other religions as the reference group). The CW 

effect is still negative and statistically significant (column 9) but, as expected, about 32 percent smaller 

in magnitude. Relative to other religious groups, higher shares of Catholics and Protestants are asso-

ciated with smaller age gaps between the spouses, whereas a larger share of Muslims in the population 

correlates with a wider age gap between husband and wife at first marriage. 

 

Finally, we add a country’s per capita oil production in 2000 to capture Ross’s (2008) argument that 

high oil endowments crowd-out women from the labor force. The low employment prospects and, 

consequently, low returns to education for women could incentivize early female ages at first mar-

riage. Indeed, per capita oil production is positively correlated with larger age gaps between the groom 

and the bride, but its coefficient is insignificant. In any case, the CW effect remains unchanged by 

the inclusion of this additional control (column 10). Even when we include all the additional controls 

simultaneously in column 11, the negative correlation between the CW-index and the male-to-female 

difference in age at first marriage remains significant at the 5 percent level. 

 

[Table 4 about here] 

 

In addition to the regressions of Table 4, we perform further robustness checks and present the 

results in Table A8 of the Online Appendix. As additional historical controls, we include a measure 

for the preindustrial intensity of agriculture and the proportion of ancestral subsistence provided by 

animal husbandry (taken from Alesina et al., 2013)44 to account for the possibility that animal hus-

bandry delays ages at marriage for women (Voigtländer and Voth, 2013). We also add the proportion 

of ancestral subsistence provided by hunting since hunter-gatherer societies display higher levels of 

gender equality (Dyble et al., 2015). To test the idea that male dominance over women derives from 

the emergence of private property (Engels, 1902), we also include the share of ancestors from eth-

nicities where land inheritance rules were absent. Furthermore, as additional contemporary controls, 

we include two warfare variables: both the number of years of civil and inter-state conflict for each 

country from 1816 until 2007 and the terrain ruggedness index from Nunn and Puga (2012). The 

                                                      

44 Unless otherwise noted, all additional variables included are from Alesina et al. (2013). For the original source and 
construction method see their Online Appendix. 
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latter is included because flatter regions are easier to invade but also easier to irrigate and plow than 

rugged terrain, and may also experience less rainfall than mountainous regions. War could either be 

detrimental for women if it reinforces gender violence and patriarchy in society, but it could also have 

positive effects if women are called to replace men in the labor force, thus postponing marriage 

(Whyte, 1978). A more direct effect of war is to reduce the supply of young men in the marriage 

market leading to later marital ages or higher proportions of never married women. To complement 

the genetic distance variable and the World Migration Matrix in measuring post-1500 global migratory 

flows, we add the share of a country’s population (in 2000) that is of Western European descent. We 

also include a communist dummy since communist regimes had explicit policies to promote gender 

equality and, in some cases, fought traditional marriage practices such as arranged marriages, or child 

marriages. Finally, we add the share of GDP accruing to agriculture, manufacturing, or services in 

2000 since labor demand in female-dominated sectors will likely impact female marital ages (e.g., 

Ross, 2008). 

 

Controlling for these additional variables, both in a stepwise manner or simultaneously, does not 

affect our main result: the CW coefficient is always statistically significant at least at the 5 percent 

level and its size ranges from -5.206 to -6.296 (Table A8).45 Overall, after controlling for many addi-

tional variables, we confirm our baseline finding that countries with a stronger CW-condition have 

systematically lower age gaps at first marriage between spouses. 

 

Finally, we estimate how large the ratio (𝛿) of selection on unobservables relative to selection on 

observables needs to be in order to explain away the CW effect (Altonji et al., 2005; Oster, 2019). 

Table A9 presents the estimates for 𝛿, using the method described in Oster (2019).46 Altonji et al. 

(2005) propose 𝛿 = 1 as an ad hoc cutoff for robustness. For reasonable upper bounds on the 𝑅2 and 

models that exclude religious variables—as recommended by most of the literature—, the estimates 

of 𝛿 are close to the cutoff, ranging from 0.808 to 1.009. 

 

 

 

                                                      

45 Reestimating the specifications of Tables 4 and A5 using ancestry-adjusted CW index and years of agriculture produces 
even stronger CW effects, which are always highly statistically significant. Results available upon request. 
46 See section A.2 of the Online Appendix for more details. 
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Cool Water and historic late marriages 

 

Preindustrial Europe We now turn to Europe to show that the relationship between the CW-con-

dition and ages at first marriage is deep rooted in history. Between 1500–1900, for a sample of 27 

European countries, the CW-index is a positive determinant of female marital ages (Table 5). Despite 

the much smaller sample, the CW coefficient continues to be statistically significant in all specifica-

tions, except when years of agriculture are included in columns 3 and 4. In those specifications, while 

the size of the CW effect is not much affected, its standard errors increase due to multicollinearity 

between the CW-index and the timing of the Neolithic revolution (r ≈ −0.70) for this sample of 

European countries. 

 

[Table 5 about here] 

 

Importantly, once again the results are not a statistical artifact driven by more developed areas being 

located in CW regions. The CW effect is robust to the inclusion of population density in 1500 as a 

proxy for preindustrial development. While it is true that societies with higher population densities 

had, on average, older brides at first marriage, controlling for this actually increases the estimates of 

the CW variable. The reason is that most societies with extremely high CW scores (e.g., Iceland, 

Sweden, Norway, and Denmark) had relatively lower population densities and were not among the 

most wealthy and developed nations of Europe in this period (see also Dennison and Ogilvie, 2014). 

 

Moreover, the positive and significant relationship between the CW-index and historical female ages 

at first marriage holds for a nineteenth century sample of both European and non-European coun-

tries, using data from Gapminder (Table A10). In this setting, the CW-effect retains significance, even 

taking the timing of the Neolithic Revolution into account.47 

 

First and second-generation immigrants in the US, 1880–1930 We now provide evidence, at the 

individual level, that the CW-condition of the country of origin correlates with an immigrant’s age at 

marriage. We use data from five US censuses: 1880, 1900, 1910, 1920, and 1930.48 We chose these 

censuses because they are the only to include mother’s and father’s country of birth, years since 

                                                      

47 Once again, the results are robust to ancestry-adjusting the CW index and years of agriculture. 
48 All census samples are from IPUMS-US. We use the following samples: 1880, 10 percent sample; 1900, 5 percent 
sample; 1910, 1 percent sample; 1920, 1 percent sample; 1930, 5 percent sample. 
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immigration, and marital status. We construct two samples of women aged 15–39: (1) immigrants to 

the US (first generation), and (2) US-born children of immigrants, defined by either paternal or ma-

ternal foreign birthplace (second generation). We then estimate linear probability models on whether 

a woman has ever married, using as right-hand-side variables the same set of controls of the cross-

country regressions, this time defined at the immigrant’s country of origin. In addition, we control 

for individual characteristics (age, age squared, literacy fixed effects), US state fixed effects, and cen-

sus-year fixed effects. 

 

At arrival, female immigrants originating from areas with higher CW-condition were less likely to be 

married at all ages (Table 6). The negative effect of the ancestral CW weakens slightly with years lived 

in the US, as shown by the positive interaction effect with years since immigration.49 This could either 

suggest assimilation effects or capture different marriage selectivity of migrant cohorts. The implied 

effect is relevant in magnitude. At age 25–29, 77 percent of female immigrants in the (unweighted) 

sample were ever married (column 4). At arrival in the US, one standard deviation increase in the 

CW-index of the country of origin is associated with a 33 percentage point reduction in the likelihood 

of being ever married. For those living in the US for 15 years, the effect weakens to (minus) 26 

percentage points. 

 

The negative correlation between CW and marriage probability persists for the next generation. 

Among female children of immigrants, the CW of their fathers’ birthplace correlates negatively with 

marriage at all ages (Table 7). Among women born to a foreign father, 68 percent were ever married 

at ages 25–29 (unweighted sample average). A one standard deviation increase in the CW-index of 

the father’s country of birth is associated with a 28 percentage point reduction in marriage probabil-

ity.50 

 

[Tables 6 and 7 about here] 

 

 

                                                      

49 See Table A11 for estimates without the years since immigration interaction term. 
 
50 In these regressions, we also include mother birthplace fixed effects as controls. Among women born to a foreign 
mother, the CW-index of the mother’s country of birth is also negatively correlated with the daughter’s marriage probability, 
although the effects are generally smaller (in absolute terms) in comparison to father’s ancestral CW (Table A12). 
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Cool Water and contemporary gender equality 

 

We have shown that CW-index is associated with smaller male-to-female differences in ages at first 

marriage which, in turn, are positively correlated with contemporary female-to-male ratios in labor 

force participation and life expectancy. 

 

Now, we estimate the reduced-form impact of the CW-index on those present day measures of gen-

der equality. The reduced-form coefficient of the CW-index will be a composite of the effect of CW 

operating through reduced sex differences in marital ages plus all the other potential transmission 

channels that are not controlled for in our regression setup. 

 

The results, displayed in Table 8, suggest that the reduced-form effect of the CW-index on the female-

male labor force participation ratio (Panel A) is positive and robust in terms of statistical significance 

to the inclusion of other deep determinants. One standard deviation increase in the CW index is 

associated with a 0.34 standard deviations increase in the female to male labor force participation 

ratio. 

 

[Table 8 about here] 

 

The CW-index is also a significant positive correlate of contemporary female-male ratio in life expec-

tancy (Table 8, Panel B). One standard deviation increase in the CW index is associated with a 0.26 

standard deviations increase in the female to male life expectancy ratio. 

 

Finally, consistent with the lack of correlation between ages at first marriage and the gender ratio in 

years of education, the reduced-form coefficient of the CW-index is small and statistically insignifi-

cant (Table 8, Panel C). The only robust negative deep determinant of gender equality in education 

is years of agriculture. 

 

Conclusion 

 

Reviewing the burgeoning literature on the remote historic drivers of gender inequality, we presented 

evidence for an overlooked trajectory that (1) originates in the CW-condition, from where the path 
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leads to (2) late female marriages in preindustrial times, which eventually pave the way towards (3) 

various gender egalitarian outcomes today.  

 

In theorizing this evidence, we argue that the CW-condition embodies opportunity endowments that 

significantly reduced fertility pressures on women, which favored late female marriages in the prein-

dustrial era. The resulting family and household patterns placed women into a better position to 

struggle for more gender equality during subsequent economic transitions toward the industrial and 

post-industrial stages of development. Hence, enduring territorial differences in the CW-condition 

predict preindustrial female marriage ages, which in turn predict gender equality today. 

 

In support of these hypotheses, we provide cross-country evidence that, in pre-industrial Europe, 

women married later in countries with a higher CW-index. We are able to trace this effect, at the turn 

of the twentieth century, 1880–1930, for a sample of first and second-generation immigrants in the 

US. Female immigrants whose country of origin had a higher CW-condition were less likely to marry 

over the 15–39 age distribution. Finally, we show that the CW effect has persisted into the contem-

porary period. Using a cross-section of world countries, from 1960 onwards, we estimate a sizable 

effect of a country’s CW score on female ages at first marriage. Altogether, the empirical evidence 

spans a long period of time, involving several independent datasets and levels of analysis (country, 

ancestry, individual). 

 

Our theory is compatible with, and actually integrates, several separate theories on the historic origins 

of gender (in)equality. First, the argument that scarcity in arable land favored historic gender inequal-

ity is incorporated, because the CW-condition explains the absence of such scarcity. Second, the 

argument that irrigation dependence favored historic gender inequality is incorporated, because the 

CW-condition explains the absence of such dependence. Third, the argument that disease prevalence 

favored historic gender inequality is incorporated, because the CW-condition explains the absence of 

such prevalence. Fourth, the fact that a longer lasting agrarian legacy explains preferences for obedi-

ence only until a certain temporal threshold is explained by the theory, because this threshold is 

located at the time when the CW-areas in Northwestern Europe adopted agriculture. Fifth, the argu-

ment that European descent favored historic gender equality is incorporated, because European de-

scent is linked to historic gender equality only in CW-areas but not outside them. In conclusion, we 

suggest that our theory of female emancipation provides a credible umbrella in unifying previous 

theories of gender equality.  
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Figure 1: Service prevalence by age and sex for selected Northwest European countries. Source:
Hajnal (1982): Tables 13, 14, and 17.



Table 1: Descriptive statistics for selected variables
Mean (Std. Dev.) Min. Max. N

Average female-male ratio in 1990–2010:
Labor force participation 0.68 (0.21) 0.15 1.01 191
Life expectancy 1.07 (0.04) 0.99 1.21 202
Years of education 0.82 (0.22) 0.21 1.41 146

Ages at first marriage:
Contemporary
Female 21.96 (2.88) 15.56 32.19 214
Year of obs. 1975.97 (9.26) 1960 2006 214
Male 26.13 (2.28) 21.13 34.49 209
Female/male 0.84 (0.07) 0.64 0.98 209
Male−female 4.12 (1.76) 0.5 9.93 209

Historical (Europe only, ref. = England)
Female -2.07 (3.1) -6.81 2.36 28

Deep determinants:
Cool water 0.48 (0.15) 0.21 0.83 183
Years of agriculture 4.31 (2.42) 0 10 165
Plow 0.48 (0.48) 0 1 227
Agricultural suitability 0.54 (0.33) 0 0.98 214
Sources: See accompanying text.
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Table 3: Determinants of ages at first marriage
Singulate mean age at first marriage

Female Male Female/male Male−female
(1) (2) (3) (4) (5) (6) (7) (8)

Deep determinants:
Cool water 6.727∗∗∗ 4.316∗ 1.949 -1.555 0.195∗∗∗ 0.221∗∗∗ -4.672∗∗∗ -5.902∗∗∗

(2.546) (2.494) (2.423) (2.402) (0.047) (0.075) (1.302) (2.078)
Years of agriculture -0.312∗∗ -0.159 -0.007∗ 0.154∗

(0.147) (0.112) (0.004) (0.092)
Plow -1.105 -0.253 -0.034 0.890

(1.025) (0.860) (0.026) (0.686)
Agricultural 0.310 0.728 -0.019 0.523
suitability (0.906) (0.824) (0.024) (0.646)

Historical controls:
Large animals 1.074 0.731 0.694 0.336 0.020 0.019 -0.361 -0.395

(1.121) (1.363) (1.035) (1.096) (0.023) (0.035) (0.575) (0.877)
Political hierarchies 0.658∗∗∗ 0.753∗∗ 0.329 0.254 0.013∗∗ 0.020∗∗ -0.303∗ -0.482∗∗

(0.245) (0.295) (0.203) (0.259) (0.006) (0.008) (0.163) (0.218)
Economic complexity -0.242 -0.061 -0.030 0.064 -0.007 -0.003 0.190 0.099

(0.156) (0.121) (0.106) (0.110) (0.005) (0.004) (0.128) (0.112)

Contemporary controls:
Income p.c. (log) 5.726∗∗ 6.092∗∗∗ 6.471∗∗∗ 6.632∗∗∗ -0.002 0.010 0.918 0.759

(2.369) (2.113) (1.951) (1.807) (0.062) (0.061) (1.625) (1.631)
(Income p.c. (log))2 -0.307∗∗ -0.321∗∗∗ -0.350∗∗∗ -0.349∗∗∗ 0.000 -0.001 -0.052 -0.039

(0.137) (0.119) (0.115) (0.102) (0.003) (0.003) (0.092) (0.092)
Year of SMAM obs. 0.080∗∗∗ 0.059∗∗∗ 0.061∗∗∗ 0.050∗∗ 0.001∗∗ 0.001 -0.025 -0.015

(0.022) (0.022) (0.020) (0.021) (0.001) (0.001) (0.016) (0.016)
Continent dummies Yes Yes Yes Yes Yes Yes Yes Yes

N 138 125 134 121 134 121 134 121
R2 0.459 0.433 0.312 0.253 0.495 0.517 0.468 0.498
adj. R2 0.407 0.355 0.244 0.146 0.445 0.448 0.415 0.426

Notes: OLS estimates are reported with robust standard errors in parentheses. “Singulate mean age at first marriage” data are from UN(2009)
for the period 1960-2006. For each country, earliest year available is selected and controlled for with variable “Year of SMAM obs.” “Cool
water” is the cool water index described in section 3. “Years of agriculture” is the number of years (in thousands) since the Neolithic revolution
(from 1500) from Putterman and Trainor (2006). “Plow” is the proportion of population with ancestors that used the plow in preindustrial
agriculture from Alesina et al. (2013). “Agricultural suitability” and Historical controls are from Alesina et al. (2013). The natural log of per
capita income and its square are averaged over the period 1960-1980. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 5: Europe: historical female ages at first marriage
Historical female age at first marriage, 1500–1900

(1) (2) (3) (4) (5) (6) (7) (8)

Deep determinants:
Cool water 14.424∗∗ 20.872∗∗∗ 13.733 18.809 12.814∗∗ 19.033∗∗ 12.873∗∗ 18.894∗∗∗

(5.175) (6.894) (10.357) (11.132) (5.708) (7.291) (5.443) (6.492)
Years of agriculture 0.105 -0.005

(0.703) (0.643)
Plow -1.668 -2.028

(1.168) (1.206)
Agricultural -2.988∗ -4.361∗∗
suitability (1.728) (1.613)

preindustrial
development:
Population density 0.091∗∗∗ 0.093∗∗∗ 0.093∗∗∗ 0.098∗∗∗
in 1500 (0.032) (0.032) (0.033) (0.031)

N 27 26 26 25 27 26 27 26
R2 0.152 0.299 0.105 0.267 0.161 0.313 0.187 0.374
adj. R2 0.118 0.238 0.027 0.163 0.091 0.219 0.119 0.289
Notes: OLS estimates are reported with robust standard errors in parentheses. “Historical female age at first marriage” data are from Dennison
and Ogilvie (2014), see more details in section 3. Countries included: Austria, Belarus, Belgium, Bulgaria, Croatia, Denmark, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Malta, Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia,
Spain, Sweden, Switzerland, and Ukraine. “Cool water” is the cool water index described in section 3. “Years of agriculture” is the number of
years (in thousands) since the Neolithic revolution (from 1500) from Putterman and Trainor (2006). “Plow” is the proportion of population
with ancestors that used the plow in preindustrial agriculture from Alesina et al. (2013). “Agricultural suitability” is from Alesina et al. (2013).
“Population density in 1500” is from Klein Goldewijk et al. (2010). ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

Table 6: Marriage probability of immigrants in the US
Female immigrants: 1880–1930

(1) (2) (3) (4) (5) (6)
Age group: 15–39 15–19 20–24 25–29 30–34 35–39

Cool water -1.928∗∗ -1.096∗∗∗ -3.135∗∗∗ -2.298∗∗ -1.232∗∗ -0.825
(0.771) (0.211) (1.073) (0.948) (0.597) (0.548)

Cool water × Years since immigration 0.034∗∗∗ 0.026∗∗∗ 0.040∗∗∗ 0.032∗∗ 0.016∗∗∗ 0.004
(0.010) (0.006) (0.015) (0.013) (0.004) (0.004)

Years since immigration -0.022∗∗∗ -0.019∗∗∗ -0.028∗∗∗ -0.021∗∗ -0.010∗∗∗ -0.002
(0.006) (0.004) (0.010) (0.008) (0.003) (0.003)

Other deep determinants Yes Yes Yes Yes Yes Yes
Ancestry-country controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes
Census-year fixed effects Yes Yes Yes Yes Yes Yes

N 295,864 29,598 53,128 65,705 70,616 76,817
R2 0.370 0.129 0.151 0.098 0.059 0.047
adj. R2 0.370 0.127 0.150 0.097 0.058 0.046
Sample share of ever-married 0.723 0.117 0.502 0.769 0.885 0.921
Notes: OLS estimates are reported with standard errors clustered at the ancestry-country level in parentheses. The unit of
observation is a female immigrant in the US. The data are from US censuses samples from IPUMS-US for 1880, 1900, 1910, 1920,
and 1930. The dependent variable is a dummy taking value one if the woman has ever married and zero otherwise. “Years since
immigration” is the number of years since the woman migrated to the US. All deep determinants are measured at the country
of ancestry. “Cool water” is the cool water index described in section 3. Other deep determinants are: the number of years (in
thousands) since the Neolithic revolution (from 1500) from Putterman and Trainor (2006), the proportion of population with
ancestors that used the plow in preindustrial agriculture from Alesina et al. (2013), and agricultural suitability from Alesina et al.
(2013). Ancestry-country controls are: ancestral domestication of large animals, ancestral settlement patterns, ancestral political
complexity, fraction of ancestral land that was tropical or subtropical, the natural log of per capita income and its square, and
continent dummies. Individual controls are: age, age squared, and literacy fixed effects. US state and census-year fixed effects
included. Constants are not reported. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

55



Table 7: Marriage probability of children of immigrants in the US, defined by the father’s
country of origin

Female children of immigrants: 1880–1930

(1) (2) (3) (4) (5) (6)
Age group: 15–39 15–19 20–24 25–29 30–34 35–39

Deep determinants:
Cool water -1.304∗∗∗ -0.282∗∗ -1.695∗∗∗ -1.933∗∗∗ -1.346∗∗∗ -1.696∗∗∗

(0.408) (0.116) (0.619) (0.554) (0.382) (0.288)
Years of agriculture -0.009 -0.005∗ -0.010 -0.012 -0.004 -0.010∗

(0.007) (0.002) (0.011) (0.009) (0.006) (0.005)
Plow 0.616∗ 0.179 0.251 1.245∗ 1.231∗∗ 1.627∗∗∗

(0.334) (0.111) (0.533) (0.713) (0.563) (0.186)
Agricultural suitability -0.481∗∗ -0.106 -0.471 -0.782∗∗∗ -0.651∗∗∗ -0.871∗∗∗

(0.199) (0.067) (0.305) (0.277) (0.195) (0.111)

Ancestry-country controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes
Census-year fixed effects Yes Yes Yes Yes Yes Yes
Mother BPL fixed effects Yes Yes Yes Yes Yes Yes

N 662,914 185,709 162,830 125,311 100,343 88,721
R2 0.402 0.073 0.092 0.060 0.046 0.041
adj. R2 0.402 0.073 0.091 0.059 0.044 0.040
Sample share of ever-married 0.472 0.057 0.385 0.680 0.798 0.839
Notes: OLS estimates are reported with standard errors clustered at the ancestry-country level in parentheses. The
unit of observation is a US-born female child of a immigrant, as defined by the father’s country of origin. The data
are from US censuses samples from IPUMS-US for 1880, 1900, 1910, 1920, and 1930. The dependent variable is a
dummy taking value one if the woman has ever married and zero otherwise. Deep determinants are all measured at
the father’s country of origin. “Cool water” is the cool water index described in section 3. “Years of agriculture”
is the number of years (in thousands) since the Neolithic revolution (from 1500) from Putterman and Trainor
(2006). “Plow” is the proportion of population with ancestors that used the plow in preindustrial agriculture from
Alesina et al. (2013). “Agricultural suitability” is from Alesina et al. (2013). Ancestry-country controls are: ancestral
domestication of large animals, ancestral settlement patterns, ancestral political complexity, fraction of ancestral
land that was tropical or subtropical, the natural log of per capita income and its square, and continent dummies.
Individual controls are: age, age squared, and literacy fixed effects. Mother’s birthplace (Mother BPL), US state,
and census-year fixed effects included. Constants are not reported. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 8: Determinants of gender gaps: reduced form estimates
Average female-male ratio in 1990–2010

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Labor force participation

Deep determinants:
Cool water 0.626∗∗∗ 0.447∗∗∗ 0.715∗∗∗ 0.480∗∗ 0.612∗∗∗ 0.310∗ 0.578∗∗∗ 0.492∗∗∗

(0.178) (0.165) (0.195) (0.185) (0.175) (0.171) (0.199) (0.182)
Years of agriculture -0.055∗∗∗ -0.048∗∗∗ -0.054∗∗∗ -0.048∗∗∗

(0.011) (0.011) (0.011) (0.011)
Plow -0.190∗∗∗ -0.188∗∗∗ -0.181∗∗∗ -0.170∗∗∗

(0.062) (0.056) (0.055) (0.054)
Agricultural 0.149∗∗ 0.136∗∗ 0.136∗∗ 0.104∗
suitability (0.067) (0.062) (0.059) (0.055)

Historical controls Yes Yes Yes Yes Yes Yes Yes Yes
Contemporary
controls Yes Yes Yes Yes Yes Yes Yes Yes
Continent dummies Yes Yes Yes Yes Yes Yes Yes Yes

N 156 146 156 156 146 146 156 146
R2 0.282 0.452 0.332 0.309 0.493 0.471 0.354 0.504

Panel B: Life expectancy

Deep determinants:
Cool water 0.073∗∗∗ 0.060∗∗ 0.078∗∗∗ 0.061∗∗ 0.073∗∗∗ 0.052∗ 0.066∗∗ 0.068∗∗

(0.025) (0.025) (0.026) (0.027) (0.025) (0.028) (0.029) (0.028)
Years of agriculture -0.005∗∗∗ -0.005∗∗ -0.005∗∗∗ -0.005∗∗

(0.002) (0.002) (0.002) (0.002)
Plow -0.011 -0.015 -0.011 -0.015

(0.011) (0.011) (0.010) (0.011)
Agricultural 0.012 0.007 0.011 0.004
suitability (0.010) (0.012) (0.010) (0.011)

Historical controls Yes Yes Yes Yes Yes Yes Yes Yes
Contemporary
controls Yes Yes Yes Yes Yes Yes Yes Yes
Continent dummies Yes Yes Yes Yes Yes Yes Yes Yes

N 158 147 158 158 147 147 158 147
R2 0.408 0.466 0.413 0.413 0.474 0.468 0.418 0.475

Panel C: Years of education

Deep determinants:
Cool water 0.245 0.114 0.255 0.254 0.087 0.119 0.265 0.085

(0.205) (0.200) (0.190) (0.198) (0.189) (0.195) (0.179) (0.175)
Years of agriculture -0.029∗∗∗ -0.030∗∗∗ -0.029∗∗∗ -0.030∗∗∗

(0.008) (0.009) (0.008) (0.009)
Plow -0.017 0.029 -0.017 0.029

(0.073) (0.085) (0.074) (0.087)
Agricultural -0.009 -0.004 -0.010 0.001
suitability (0.057) (0.057) (0.056) (0.059)

Historical controls Yes Yes Yes Yes Yes Yes Yes Yes
Contemporary
controls Yes Yes Yes Yes Yes Yes Yes Yes
Continent dummies Yes Yes Yes Yes Yes Yes Yes Yes

N 130 127 130 130 127 127 130 127
R2 0.581 0.618 0.582 0.581 0.619 0.618 0.582 0.619
Notes: OLS estimates are reported with robust standard errors in parentheses. “Cool water” is the cool water index described
in section 3. “Years of agriculture” is the number of years (in thousands) since the Neolithic revolution (from 1500) from
Putterman and Trainor (2006). “Plow” is the proportion of population with ancestors that used the plow in preindustrial
agriculture from Alesina et al. (2013). Historical controls are: ancestral domestication of large animals, ancestral settlement
patterns, and ancestral political complexity from Alesina et al. (2013). Contemporary controls are the natural log of per capita
income and its square, measured in the same time period as the dependent variable. Continent dummies are included. ∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.

57



Online Appendix

The Roots of Female Emancipation



A.1 Data

For a list of the variables used in this article, some descriptive statistics, a short description,

and original sources see Table A1.

Here, we extend the discussion on the CW-index from section 3. A previous version

of this index (Welzel, 2014) also included the coastline share of a country’s borders as a

proxy for temperate maritime climates. However, this measure neglects the orientation of

the coast, which due to prevailing winds, is determinant for the existence of a temperate

climate at non-tropical latitudes. Second, for the purposes of this article, access to sea

proxies for many other effects unrelated to cool water (e.g., trade access, fisheries) and

could therefore confound the interpretation of the CW effect. In any case, the correlation

coefficients between the two versions of the index are 0.96 (ancestry-unadjusted) and

0.98 (ancestry-adjusted). Figure 6 plots the current version of the CW index against

the previous one. All the econometric results are robust to the inclusion of the coastline

variable—coastline as a share of a country’s borders—as an additional control variable.

A key concern with our CW-index relates to differences in country area size. Indeed,

scores on the CW-index might not be comparable across countries with different area

sizes when bigger size implies higher within-country variability in the CW-condition. For

instance, both Australia and Italy have similar CW-scores: 0.54 and 0.59, respectively.

But in the case of Australia, the score refers to a country that is about 25-times larger

than Italy. Accordingly, one would assume that the same CW-score glosses over a much

bigger within-country CW-variation in Australia than in Italy. If so, the two CW-scores

would appear to be inequivalent, despite the fact that they are numerically similar.

To examine this issue, we use a dataset from the Peace Research Institute (PRIO) in

Oslo whose observational units are spatial “grid cells” (Tollefsen et al., 2012). The size of

these grid cells approximates 55 by 55 kilometers at the equator. The inhabited grid cells

of today’s country-territories amount to 64,818 in number. We can roughly replicate our

CW-index by average temperature measures and indications of the occurrence of droughts

on the grid cell level. The measure of the CW-condition is less detailed than the one we
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use at the country level. If we nevertheless find that the two measures correlate strongly,

we have assurance of the original measure’s validity. This is indeed what we find: there

is an almost 70 percent match between our original measure of the CW-condition and

aggregations of the CW-condition from grid cell data.

The grid cell data allow us to estimate within-country variation in the CW-condition.

To do so, we examine the standard deviations around given country averages and the

coefficients of variance, which express the ratio of the standard deviation to the mean.

Doing so yields surprising findings.

First, only 14 percent of the variance in the CW-condition across the globe’s roughly

65,000 inhabited grid cells represents differences within countries. By the same token, fully

86 percent of the CW-variance derives from differences between countries. Thus, country

averages in the CW-condition are significant and meaningful because they depict by far

most of the territorial variation in the CW-condition.

Second, territorial country-size has no influence whatsoever on within-country CW-

variation. Hence, the suspicion that the 0.54 CW-score of Australia is incomparable to

Italy’s 0.59 CW-score because Australia’s score supposedly hides much more CW-variation

than Italy’s is mistaken. Indeed, the coefficient of variance for Italy’s CW-condition is

0.09, which is even marginally larger than Australia’s 0.08. Additional examples illustrate

the point: variation of the CW-condition in Canada is not larger than in Slovakia (both

at 0.04); likewise, variation of the CW-condition in China is not bigger than in Panama

(both at 0.09); most strikingly, variation of the CW-condition in Russia is not bigger than

in Jordan (both at 0.04). In conclusion, the concern that differences in country area size

make CW-scores incomparable across countries dissolves.

A.2 Selection on unobservables

Here, we estimate how large the ratio (δ) of selection on unobservables relative to selection

on observables needs to be in order to explain away the CW effect (Altonji et al., 2005;

Oster, 2019). Table A9 presents the estimates for δ, using the method described in Oster
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(2019). In our restricted regression, the male-female difference in SMAM is regressed on

the CW-index and continent dummies. The controlled regressions are column 11 of Table

4, with and without the religion share variables—since most literature argues that religion

is a transmission channel rather than a determinant—, and column 10 of Table A8.

We estimate δ for different values of Rmax. Rmax is the assumed R2 from a hypothetical

regression that includes all the observable and unobservable variables simultaneously.

When Rmax has the maximum possible value of 1, the degree of selection on unobservables

would have to be 38–45 percent that of selection on the included observables for the

CW effect to be zero. However, Oster (2019) argues that Rmax is likely below 1, for

example, due to measurement error in the outcome variable. She proposes, as a reasonable

choice, a Rmax that is 1.3 times greater that the R2 of the regression with the full set of

observables.50 When implementing this 1.3 factor, the minimum δ is 0.636, when religious

variables are controlled for; without religion, δ is above 0.80 (column 4). Column 5 shows

that, if the factor is reduced to 1.25, δ is 0.75 for the regression with religion and around

1.00 for the regressions without religion (column 5).

Altonji et al. (2005) propose δ = 1 as an ad hoc cutoff for robustness. As evident

from Table A9, whether this cutoff is met depends on the choice of Rmax and on whether

religion is included in the full model. Nevertheless, given that, in our most conservative

regressions, the full set of controls includes most of the relevant variables proposed in the

literature—from preindustrial and contemporary per capita income, economic structure

(both historical and contemporary), to education, formal institutions, geography, warfare,

migration, and religion—, we argue that it is unlikely that the degree of selection on

unobservables is still at least 0.6 times as large as the degree of selection on all these

observables.

A.3 Additional tables and figures

50Oster (2019) calculates this multiplicative factor of 1.3 as the cutoff for which δ is less than unity in
90 percent of the results in a random sample of top-published randomized control trials in economics.
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Table A1: Description of variables used and their source

Variable Mean (Std. Dev.) Min. Max. N Short description Source

Average female-

male ratio in

1990–2010:

Labor force par-

ticipation

0.68 (0.21) 0.15 1.01 191 Female / male: %

of ages 25-59 in la-

bor force.

ILO Laborsta

EAPEP 6th Re-

vision (2011)

Life expectancy 1.07 (0.04) 0.99 1.21 202 Female / male:

life expectancy at

birth.

World De-

velopment

Indicators

Years of educa-

tion

0.82 (0.22) 0.21 1.41 146 Female / male:

mean years of

schooling, ages

25+.

Barro and Lee

(2013)

Female SMAM 21.96 (2.88) 15.56 32.19 214 Female singulate

mean age at first

marriage.

UN (2009)

Male SMAM 26.13 (2.28) 21.13 34.49 209 Male singulate

mean age at first

marriage.

UN (2009)

Year of obs. 1975.97 (9.26) 1960 2006 214 Year of earliest

data point of fe-

male SMAM for

each country.

UN (2009)

Historical fe-

male SMAM

(Europe)

-2.07 (3.1) -6.81 2.36 28 Female age at first

marriage; country-

specific coefficient

from regression

adjusting for data

source character-

istics. Europe

only; reference

country is England;

data period is

1500-1900.

Dennison and

Ogilvie (2014,

Table 2)

Historical fe-

male SMAM

(World)

21.52 (4.57) 12.6 28 27 Female singulate

mean age at first

marriage; earliest

data point for the

period 1800-1900.

Gapminder

Continued on next page
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Table A1 – Continued from previous page

Variable Mean (Std. Dev.) Min. Max. N Short description Source

Cool water 0.48 (0.15) 0.21 0.83 183 Cool water index;

see section 3 for de-

tails.

Welzel (2013,

2014)

Cool water,

ancestry-

adjusted

0.47 (0.15) 0.01 0.77 165 Cool water index,

ancestry-adjusted

using the post-1500

migration matrix

from Putterman

and Weil (2010).

Years of agricul-

ture

4.31 (2.42) 0 10 165 Thousands of years

from 1500 C.E.

since the Neolithic

revolution.

Putterman and

Trainor (2006)

Years of agricul-

ture, ancestry-

adjusted

4.79 (2.23) 0.06 9.9 165 Years of agricul-

ture, ancestry-

adjusted using the

post-1500 migra-

tion matrix from

Putterman and

Weil (2010).

Plow 0.48 (0.48) 0 1 227 Share of a coun-

try’s population

with ancestors that

practiced plow

agriculture.

Alesina et al.

(2013)

Agricultural

suitability

0.54 (0.33) 0 0.98 214 Share of ancestral

land suitable for

growing barley,

wheat, sorghum,

rye, foxtail millet,

or pearl millet.

Alesina et al.

(2013)

Large animals 0.93 (0.21) 0 1 227 Share of a coun-

try’s population

with ancestral

domestication of

large animals.

Alesina et al.

(2013)

Continued on next page

v



Table A1 – Continued from previous page

Variable Mean (Std. Dev.) Min. Max. N Short description Source

Political hierar-

chies

3.3 (1.04) 1 5 227 Ancestral number

of political jurisdic-

tional hierarchies

(1-5) beyond the

local community.

Alesina et al.

(2013)

Economic com-

plexity

6.38 (1.38) 1 8 227 Ancestral economic

development based

on 8 settlement pat-

terns: from no-

madic or fully mi-

gratory to complex

settlements.

Alesina et al.

(2013)

Tropical climate 0.74 (0.42) 0 1 211 Share of ancestral

land that was trop-

ical or subtropical.

Alesina et al.

(2013)

FST from U.K.

(weighted)

0.09 (0.07) 0 0.23 179 Expected genetic

distance between a

randomly chosen

individual from

a given country

and a randomly

chosen individual

from the U.K.,

using the genetic

distances of their

respective ancestor

populations.

Spolaore and

Wacziarg

(2009)

Population den-

sity in 1500

9.09 (14.41) 0 100.67 186 Estimated popula-

tion per squared

kilometer in 1500.

Klein Gold-

ewijk et al.

(2010)

Years of school-

ing in 1950

(log):

Total 0.5 (1.2) -4.44 2.19 146 Log of mean years

of schooling, ages

25+.

Barro and Lee

(2013)

Male 0.73 (1.09) -4.4 2.21 146 Log of male mean

years of schooling,

ages 25+.

Barro and Lee

(2013)

Continued on next page
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Table A1 – Continued from previous page

Variable Mean (Std. Dev.) Min. Max. N Short description Source

Female 0.06 (1.6) -5.24 2.18 146 Log of female mean

years of schooling,

ages 25+.

Barro and Lee

(2013)

Polity2 in 1980 -1.86 (7.51) -10 10 142 Democracy score

on a 10 point scale:

from −10 (heredi-

tary monarchy) to

+10 (consolidated

democracy).

Center for Sys-

temic Peace

Rule of law in

2000

-0.03 (1) -2.31 1.94 201 Rule of law per-

ceptions, measured

in units of a stan-

dard normal distri-

bution, i.e. rang-

ing from approxi-

mately -2.5 to 2.5.

Kaufmann

et al. (2011)

Religious shares

in 1980:

Catholic 34 (37.03) 0 99.10 152 % of Catholics in

total population.

La Porta et al.

(1999)

Protestant 12.59 (20.9) 0 97.8 152 % of Protestants in

total population.

La Porta et al.

(1999)

Muslim 22.87 (35.77) 0 99.90 152 % of Muslims in to-

tal population.

La Porta et al.

(1999)

Oil production

(per capita)

0.04 (0.16) 0 1.36 186 Barrels produced

per person per day

in 2000

Alesina et al.

(2013)

Female owner-

ship

35.74 (16.4) 2.8 86.8 131 % of firms in the

World Bank Enter-

prise Surveys with

some female owner-

ship. The surveys

were conducted

between 2003 and

2010, depending on

the country.

Alesina et al.

(2013)

Women in poli-

tics

11.96 (9.02) 0 43 156 % of seats in par-

liament held by

women in 2000.

Alesina et al.

(2013)

Continued on next page
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Table A1 – Continued from previous page

Variable Mean (Std. Dev.) Min. Max. N Short description Source

GDI in 2014 0.93 (0.07) 0.6 1.03 161 Gender Develop-

ment Index in

2014

UNDP (2015)

Intensity agri-

culture

0.52 (0.46) 0 1 227 Share of country’s

population with

ancestors prac-

ticing intensive

agriculture or in-

tensive irrigated

agriculture.

Alesina et al.

(2013)

Subsistence

share from

husbandry

0.24 (0.16) 0.03 0.92 227 Herding or large an-

imals as a propor-

tion of all ances-

tral subsistence ac-

tivities.

Alesina et al.

(2013)

Subsistence

share from

hunting

0.05 (0.05) 0.03 0.31 227 Hunting as a pro-

portion of all ances-

tral subsistence ac-

tivities.

Alesina et al.

(2013)

Absence of

land inheritance

rules

0.1 (0.25) 0 1 215 Share of country’s

population with an-

cestral absence of

inheritance rights

of land.

Alesina et al.

(2013)

Years of civil

conflict (1816-

2007)

6.98 (13.67) 0 105 192 Number of years

country was in-

volved in civil

conflict from 1816-

2007. Original

source: Correlates

of War Database

version 4.

Alesina et al.

(2013)

Years of inter-

state conflict

(1816-2007)

3.86 (7.69) 0 41 192 Number of years

country was in-

volved in interstate

conflict from 1816-

2007. Original

source: Correlates

of War Database

version 4.

Alesina et al.

(2013)

Continued on next page
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Table A1 – Continued from previous page

Variable Mean (Std. Dev.) Min. Max. N Short description Source

Fraction of Eu-

ropean descent

32.56 (41.81) 0 100 164 % of country’s

population in 2000

with European

ancestry.

Alesina et al.

(2013)

Rugged 1.38 (1.38) 0 7.81 227 Terrain Rugged-

ness Index from

Nunn and Puga

(2012)

Alesina et al.

(2013)

Communist

dummy

0.24 (0.43) 0 1 199 = 1 if country

was formerly com-

munist, and 0 oth-

erwise.

Alesina et al.

(2013)

Share of GDP

in 2000:

Agriculture 16.46 (14.98) 0.11 72.01 170 Measured in %.

Originally from

the World Bank’s

World Develop-

ment Indicators.

Alesina et al.

(2013)

Manufacturing 14.29 (7.94) 0.91 39.5 167 Measured in %.

Originally from

the World Bank’s

World Develop-

ment Indicators.

Alesina et al.

(2013)

Services 53.45 (14.99) 4.25 81.10 169 Measured in %.

Originally from

the World Bank’s

World Develop-

ment Indicators.

Alesina et al.

(2013)
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Table A2: Additional gender equality outcomes and ages at first marriage
Share of firms with female Share of political positions Gender Development

ownership, 2003–2010 held by women in 2000 Index in 2014

(1) (2) (3) (4) (5) (6) (7) (8) (9)

SMAM:
Female 2.765∗∗∗ 1.034∗ 0.009∗∗∗

(1.024) (0.524) (0.003)
Male -1.510 -1.284∗∗ -0.006∗

(1.182) (0.564) (0.004)
Female/male 74.609∗∗∗ 30.177∗∗ 0.263∗∗∗

(26.338) (13.835) (0.081)
Male−female -2.334∗∗ -1.111∗∗ -0.009∗∗∗

(0.982) (0.493) (0.003)
Year of obs. -0.283 -0.206 -0.161 -0.045 -0.083 -0.068 -0.001 -0.001 -0.001

(0.201) (0.179) (0.179) (0.124) (0.111) (0.114) (0.001) (0.001) (0.001)

Deep determinants:
Years of -1.011 -0.996 -1.078 -0.801 -0.737 -0.758 -0.012∗∗∗ -0.012∗∗∗ -0.012∗∗∗
agriculture (1.088) (1.074) (1.088) (0.556) (0.553) (0.549) (0.002) (0.002) (0.003)
Plow -11.415∗∗ -11.767∗∗ -12.579∗∗ -4.124∗ -3.785 -3.939∗ -0.009 -0.010 -0.012

(5.262) (5.179) (5.142) (2.281) (2.300) (2.291) (0.013) (0.013) (0.013)
Agricultural -3.289 -2.373 -2.350 2.217 2.110 2.115 0.022 0.024∗ 0.024∗
suitability (6.086) (6.060) (6.220) (2.853) (2.871) (2.866) (0.015) (0.014) (0.014)
Historical
controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Contemporary
controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Continent
dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes

N 106 106 106 125 125 125 136 136 136
R2 0.290 0.291 0.275 0.382 0.381 0.381 0.688 0.691 0.684
adj. R2 0.162 0.173 0.154 0.284 0.289 0.289 0.643 0.650 0.642

Notes: OLS estimates are reported with robust standard errors in parentheses. “Share of firms with female ownership” (in %) is taken
from Alesina et al. (2013); originally from the World Bank Enterprise Surveys. “Share of political position held by women” is the
percentage of women-held parliament seats, also taken from Alesina et al. (2013). “Gender Development Index” is from UNDP (2015).
“Ages at first marriage” are singulate mean years at first marriage (SMAM) from UN (2009) for the period 1960-2000. For each country,
the earliest year available is selected. “Years of agriculture” is the number of years (in thousands) since the Neolithic revolution (from
1500) from Putterman and Trainor (2006). “Plow” is the proportion of population with ancestors that used the plow in preindustrial
agriculture from Alesina et al. (2013). “Agricultural suitability” and Historical controls are from Alesina et al. (2013). The natural log
of per capita income and its square are measured in 2000. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Figure 6: CW index comparison: with and without coastal borders
Notes: Comparison of CW index, as described in section 3, with its previous version from Welzel (2014),
which included coastal borders as an additional variable. In the figures, the dashed line is the 45-degree
line.
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Table A3: Determinants of gender gaps: ages at first marriage; subsample analysis
Average female-male ratio in 1990–2010

Labor force participation Life expectancy Years of education

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Panel A: without Sub-Saharan Africa

SMAM:
Female 0.069∗∗∗ 0.006∗ 0.002

(0.016) (0.003) (0.013)
Male -0.064∗∗∗ -0.008∗∗ 0.011

(0.018) (0.003) (0.015)
Female/male 1.751∗∗∗ 0.159∗∗ 0.138

(0.413) (0.076) (0.334)
Male−female -0.068∗∗∗ -0.006∗∗ -0.000

(0.016) (0.003) (0.013)
Deep
determinants:
Years of -0.037∗∗∗ -0.038∗∗∗ -0.038∗∗∗ -0.006∗∗∗ -0.005∗∗∗ -0.005∗∗∗ -0.014∗ -0.015∗ -0.015∗
agriculture (0.010) (0.011) (0.010) (0.002) (0.002) (0.002) (0.008) (0.008) (0.008)
Plow 0.068 0.065 0.061 0.000 0.005 0.004 0.016 0.003 -0.001

(0.050) (0.048) (0.049) (0.013) (0.013) (0.012) (0.064) (0.062) (0.062)
Agricultural 0.042 0.041 0.050 0.013 0.008 0.009 -0.055 -0.047 -0.045
suitability (0.059) (0.056) (0.056) (0.014) (0.013) (0.013) (0.057) (0.057) (0.057)

N 97 97 97 98 98 98 90 90 90
R2 0.699 0.698 0.698 0.559 0.550 0.551 0.605 0.593 0.592

Panel B: Old World

SMAM:
Female 0.041∗∗∗ 0.007∗∗∗ 0.024∗∗

(0.012) (0.002) (0.011)
Male -0.035∗∗ -0.006∗∗ -0.002

(0.014) (0.003) (0.013)
Female/male 1.131∗∗∗ 0.195∗∗∗ 0.554∗∗

(0.300) (0.046) (0.268)
Male−female -0.039∗∗∗ -0.007∗∗∗ -0.017∗

(0.011) (0.002) (0.010)
Deep
determinants:
Years of -0.035∗∗∗ -0.035∗∗∗ -0.036∗∗∗ -0.004∗∗ -0.004∗∗ -0.004∗∗ -0.019 -0.020 -0.021
agriculture (0.011) (0.011) (0.011) (0.002) (0.002) (0.002) (0.012) (0.013) (0.013)
Plow -0.122∗ -0.117∗ -0.121∗ -0.013 -0.012 -0.013 0.013 0.019 0.018

(0.070) (0.069) (0.069) (0.011) (0.011) (0.011) (0.155) (0.157) (0.158)
Agricultural 0.097 0.102 0.096 -0.009 -0.008 -0.009 -0.044 -0.055 -0.059
suitability (0.066) (0.066) (0.065) (0.012) (0.011) (0.012) (0.106) (0.103) (0.104)

N 105 105 105 105 105 105 94 94 94
R2 0.593 0.600 0.593 0.635 0.638 0.634 0.622 0.616 0.612

Panel C: without Europe

SMAM:
Female 0.033∗∗∗ 0.007∗∗∗ 0.014

(0.010) (0.002) (0.010)
Male -0.028∗∗ -0.005∗∗ -0.002

(0.012) (0.002) (0.011)
Female/male 0.904∗∗∗ 0.188∗∗∗ 0.349

(0.277) (0.043) (0.264)
Male−female -0.031∗∗∗ -0.006∗∗∗ -0.011

(0.010) (0.002) (0.009)
Deep
determinants:
Years of -0.045∗∗∗ -0.045∗∗∗ -0.046∗∗∗ -0.003 -0.003 -0.003 -0.026∗∗ -0.028∗∗ -0.029∗∗
agriculture (0.012) (0.012) (0.012) (0.002) (0.002) (0.002) (0.012) (0.012) (0.013)
Plow -0.107∗ -0.106∗ -0.110∗∗ -0.003 -0.003 -0.004 0.011 0.003 0.001

(0.055) (0.054) (0.054) (0.009) (0.009) (0.009) (0.102) (0.099) (0.099)
Agricultural 0.133∗∗ 0.136∗∗ 0.136∗∗ -0.004 -0.003 -0.003 -0.043 -0.041 -0.042
suitability (0.053) (0.053) (0.052) (0.010) (0.009) (0.010) (0.074) (0.072) (0.071)

N 101 101 101 102 102 102 90 90 90
R2 0.589 0.592 0.587 0.512 0.522 0.509 0.620 0.616 0.614
Notes: OLS estimates are reported with robust standard errors in parentheses. All regressions include the same set of historical
and contemporary controls as in Table 2. Historical controls are: ancestral domestication of large animals, ancestral settlement
patterns, ancestral political complexity, and fraction of ancestral land that was tropical or subtropical from Alesina et al. (2013).
Contemporary controls are the natural log of per capita income and its square, measured in the same time period as the dependent
variable, and the year of the SMAM observation. Continent dummies are included. Panel B: Old World shows results of regressions
in which all countries from the Americas and Oceania (i.e., the New World) are excluded. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A5: Determinants of ages at first marriage: subsample analysis
Singulate mean age at first marriage

Female Male Female/male Male−female

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: without Sub-Saharan Africa

Deep determinants:
Cool water 5.489∗ 3.786 1.277 -1.140 0.170∗∗∗ 0.193∗∗ -4.208∗∗∗ -5.038∗∗

(3.123) (3.121) (2.934) (2.633) (0.045) (0.081) (1.170) (2.082)
Years of agriculture -0.263 -0.167 -0.004 0.100

(0.164) (0.135) (0.004) (0.095)
Plow -3.671∗∗ -2.571∗ -0.056∗ 1.265

(1.398) (1.329) (0.030) (0.816)
Agricultural 1.683 2.023∗ -0.005 0.303
suitability (1.416) (1.201) (0.027) (0.634)

N 96 85 95 84 95 84 95 84
R2 0.418 0.406 0.370 0.338 0.344 0.374 0.308 0.355
adj. R2 0.333 0.277 0.278 0.192 0.248 0.236 0.206 0.213

Panel B: Old World

Deep determinants:
Cool water 7.409∗∗∗ 4.348∗ 2.200 -1.308 0.213∗∗∗ 0.206∗∗ -5.092∗∗∗ -5.639∗∗

(2.458) (2.535) (2.279) (2.262) (0.069) (0.093) (1.920) (2.574)
Years of agriculture -0.304∗∗ -0.128 -0.007∗ 0.172∗

(0.127) (0.091) (0.004) (0.100)
Plow 0.900 1.652∗∗ -0.023 0.771

(0.956) (0.720) (0.032) (0.832)
Agricultural -0.143 0.121 -0.019 0.411
suitability (0.867) (0.713) (0.029) (0.784)

N 104 98 100 94 100 94 100 94
R2 0.376 0.458 0.256 0.344 0.438 0.491 0.427 0.478
adj. R2 0.316 0.382 0.181 0.247 0.382 0.416 0.370 0.401

Panel C: without Europe

Deep determinants:
Cool water 7.553∗∗ 5.341∗ 2.929 -1.215 0.195∗∗∗ 0.253∗∗∗ -4.521∗∗∗ -6.664∗∗∗

(3.085) (2.803) (2.931) (2.832) (0.055) (0.084) (1.491) (2.364)
Years of agriculture -0.356∗∗ -0.204∗ -0.007 0.149

(0.159) (0.120) (0.004) (0.099)
Plow -1.304 -0.321 -0.040 1.021

(1.051) (0.896) (0.027) (0.706)
Agricultural 0.199 0.773 -0.026 0.708
suitability (0.979) (0.907) (0.026) (0.697)

N 115 103 111 99 111 99 111 99
R2 0.461 0.432 0.315 0.264 0.466 0.488 0.436 0.467
adj. R2 0.403 0.342 0.239 0.141 0.407 0.402 0.373 0.378
Notes: OLS estimates are reported with robust standard errors in parentheses. All regressions include the same set
of historical and contemporary controls as in Table 3. Historical controls are: ancestral domestication of large animals,
ancestral settlement patterns, ancestral political complexity, and fraction of ancestral land that was tropical or subtropical
from Alesina et al. (2013). Contemporary controls are the natural log of per capita income and its square averaged over
the period 1960-1980, and the year of the SMAM observation. Continent dummies are included. Panel B: Old World
shows results of regressions in which all countries from the Americas and Oceania (i.e., the New World) are excluded. ∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A6: Determinants of ages at first marriage: ancestry-adjustment
Singulate mean age at first marriage

Female Male Female/male Male−female

(1) (2) (3) (4) (5) (6) (7) (8)

Deep determinants:
Cool water, 5.706∗∗ 6.133∗∗ -2.081 -2.570 0.289∗∗∗ 0.331∗∗∗ -7.837∗∗∗ -8.938∗∗∗
ancestry-adjusted (2.729) (2.964) (2.519) (2.744) (0.058) (0.074) (1.634) (2.049)
Years of agriculture, -0.142 -0.071 -0.003 0.066
ancestry-adjusted (0.152) (0.117) (0.003) (0.088)
Plow -0.635 0.214 -0.034 0.917

(0.911) (0.704) (0.025) (0.653)
Agricultural -0.221 0.166 -0.022 0.522
suitability (0.805) (0.711) (0.021) (0.560)

Historical controls:
Large animals 0.278 0.260 -0.404 -0.367 0.024 0.020 -0.666 -0.575

(0.811) (0.862) (0.769) (0.812) (0.023) (0.024) (0.628) (0.650)
Political 0.442∗ 0.575∗ 0.155 0.110 0.010 0.018∗∗ -0.248 -0.450∗
hierarchies (0.248) (0.308) (0.190) (0.256) (0.007) (0.009) (0.178) (0.228)
Economic 0.026 0.019 0.169 0.163 -0.003 -0.003 0.115 0.113
complexity (0.111) (0.112) (0.105) (0.105) (0.004) (0.004) (0.111) (0.103)

Contemporary controls:
Income p.c. (log) 4.628∗∗ 5.023∗∗ 5.399∗∗∗ 5.567∗∗∗ -0.010 -0.001 0.968 0.766

(2.306) (2.412) (1.990) (2.108) (0.059) (0.059) (1.602) (1.600)
(Income p.c. (log))2 -0.244∗ -0.264∗ -0.284∗∗ -0.292∗∗ 0.001 0.000 -0.051 -0.040

(0.132) (0.137) (0.114) (0.120) (0.003) (0.003) (0.092) (0.092)
Year of SMAM obs. 0.066∗∗∗ 0.067∗∗∗ 0.048∗∗ 0.048∗∗ 0.001∗∗ 0.001∗∗ -0.027∗ -0.029∗

(0.022) (0.022) (0.021) (0.021) (0.001) (0.001) (0.016) (0.016)
Continent dummies Yes Yes Yes Yes Yes Yes Yes Yes

N 125 125 121 121 121 121 121 121
R2 0.375 0.389 0.210 0.214 0.524 0.545 0.514 0.534
adj. R2 0.309 0.305 0.122 0.101 0.472 0.480 0.461 0.467
Notes: OLS estimates are reported with robust standard errors in parentheses. “Singulate mean age at first marriage” data are
from UN(2009) for the period 1960-2006. For each country, earliest year available is selected and controlled for with variable
“Year of SMAM obs.” “Cool water, ancestry-adjusted” is the cool water index described in section 3 and “Years of agriculture,
ancestry-adjusted” is the number of years (in thousands) since the Neolithic revolution (from 1500) from Putterman and Trainor
(2006). Both variables are adjusted for a country’s ancestral population using the post-1500 migration matrix of Putterman
and Weil (2010). “Plow” is the proportion of population with ancestors that used the plow in preindustrial agriculture from
Alesina et al. (2013). “Agricultural suitability” and Historical controls are from Alesina et al. (2013). The natural log of per
capita income and its square are averaged over the period 1960-1980. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A7: Determinants of ages at first marriage: excluding Northwest Europe and Western
offshoots

Singulate mean ages at first marriage: male−female

Full W/o NW Full W/o NW Europe
sample Europe sample and offshoots

(1) (2) (3) (4) (5)

Deep determinants:
Cool water -5.902∗∗∗ -5.640∗∗∗ -5.672∗∗ -5.372∗∗ -5.534∗∗

(2.078) (2.148) (2.167) (2.225) (2.296)
Years of agriculture 0.154∗ 0.153∗ 0.157∗ 0.155∗ 0.161∗

(0.092) (0.092) (0.094) (0.092) (0.096)
Plow 0.890 0.852 0.847 0.902 0.916

(0.686) (0.698) (0.702) (0.721) (0.735)
Agricultural suitability 0.523 0.506 0.516 0.513 0.532

(0.646) (0.652) (0.656) (0.656) (0.656)
Northwest Europe -0.421 -0.453∗

(0.267) (0.268)
Western offshoots -0.568

(0.831)
Historical controls Yes Yes Yes Yes Yes
Contemporary controls Yes Yes Yes Yes Yes
Continent dummies Yes Yes Yes Yes Yes

N 121 121 112 121 108
R2 0.498 0.500 0.466 0.501 0.438
adj. R2 0.426 0.424 0.382 0.419 0.353
Notes: OLS estimates are reported with robust standard errors in parentheses. “Northwest Europe”
is a dummy taking value 1 for Belgium, Denmark, France, Germany, Iceland, Ireland, Netherlands,
Norway, Sweden, and the United Kingdom. “Western offshoots” is a dummy taking value 1 for
Australia, Canada, New Zealand, and the United States. Baseline historical controls are: ancestral
domestication of large animals, ancestral settlement patterns, and ancestral political complexity from
Alesina et al. (2013). Baseline contemporary controls are the natural log of per capita income and
its square averaged over the period 1960-1980, and the year of the SMAM observation. Continent
dummies are included. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A9: Assessing unobservable selection: estimates of δ

Controls in β [R2] δ for β = 0 given Rmax

Restricted set Full set Restricted Full Rmax = 1 Rmax = 1.3R̃ Rmax = 1.25R̃
(1) (2) (3) (4) (5)

Continent as in Table 4, -5.239 -4.870 0.416 0.636 0.749
dummies column 11 [0.428] [0.679] [Rmax = 0.882] [Rmax = 0.848]

Continent as above, but -5.147 -6.701 0.380 0.808 0.935
dummies without religion [0.423] [0.583] [Rmax = 0.757] [Rmax = 0.728]

Continent as in Table A8, -5.326 -5.669 0.451 0.864 1.009
dummies column 10 [0.433] [0.617] [Rmax = 0.802] [Rmax = 0.771]

Notes: The dependent variable in all regressions is the male-female SMAM difference from UN (2009). Rmax is the
assumed R2 from the hypothetical full regression, i.e., with both observable and unobservable variables included. R̃ is
the R2 from the regression with the full set of observable controls. See Oster (2019) for more details on how to estimate
δ. Calculations were done using her Stata package psacalc.

Table A10: Gapminder: historical female ages at first marriage
Historical female age at first marriage, 1801–1900

(1) (2) (3) (4) (5) (6) (7) (8)

Deep determinants:
Cool water 29.490∗∗∗ 28.621∗∗∗ 31.887∗∗∗ 30.966∗∗∗ 29.496∗∗∗ 28.378∗∗∗ 29.252∗∗∗ 28.391∗∗∗

(3.670) (4.202) (5.543) (6.484) (3.703) (4.149) (3.283) (3.760)
Years of 0.280 0.260
agriculture (0.321) (0.346)
Plow 1.402 1.634

(1.061) (1.203)
Agricultural 0.280 0.272
suitability (1.611) (1.547)

preindustrial
development:
Population density -0.019 -0.016 -0.024 -0.019
in 1500 (0.028) (0.028) (0.028) (0.029)

N 27 27 26 26 27 27 27 27
R2 0.761 0.765 0.747 0.750 0.768 0.774 0.761 0.765
adj. R2 0.752 0.745 0.725 0.716 0.749 0.745 0.741 0.734
Notes: OLS estimates are reported with robust standard errors in parentheses. “Historical female age at first marriage” data
are country averages for the period 1801–1900 from Gapminder. Countries included: Armenia, Azerbaijan, Bangladesh, Belarus,
China, Egypt, Estonia, Finland, Georgia, Germany, Iceland, India, Japan, Kazakhstan, Lithuania, Moldova, Netherlands, Norway,
Pakistan, Russia, Spain, Sri Lanka, Sweden, Ukraine, United Kingdom, and United States of America. “Cool water” is the cool
water index described in section 3. “Years of agriculture” is the number of years (in thousands) since the Neolithic revolution
(from 1500) from Putterman and Trainor (2006). “Plow” is the proportion of population with ancestors that used the plow in
preindustrial agriculture from Alesina et al. (2013). “Agricultural suitability” is from Alesina et al. (2013). “Population density
in 1500” is from Klein Goldewijk et al. (2010). ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A11: Marriage probability of immigrants in the US, without integration effects
Female immigrants: 1880–1930

(1) (2) (3) (4) (5) (6)
Age group: 15–39 15–19 20–24 25–29 30–34 35–39

Deep determinants:
Cool water -1.301∗ -0.826∗∗∗ -2.597∗∗ -1.634∗ -0.791 -0.653

(0.678) (0.230) (1.014) (0.905) (0.548) (0.439)
Years of agriculture 0.006 -0.007∗ -0.002 0.013 0.011 0.005

(0.009) (0.004) (0.015) (0.013) (0.007) (0.006)
Plow 0.275 -0.053 0.658 0.563 0.088 0.123

(0.334) (0.170) (0.507) (0.431) (0.293) (0.260)
Agricultural suitability -0.426 -0.110 -0.744∗ -0.696∗ -0.317 -0.251

(0.265) (0.102) (0.398) (0.371) (0.216) (0.178)

Ancestry-country controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes
Census-year fixed effects Yes Yes Yes Yes Yes Yes

N 446,376 49,604 79,688 97,785 105,941 113,358
R2 0.381 0.121 0.147 0.095 0.058 0.041
adj. R2 0.381 0.120 0.146 0.094 0.057 0.041
Sample share of ever-married 0.708 0.107 0.486 0.762 0.880 0.918
Notes: OLS estimates are reported with standard errors clustered at the ancestry-country level in parentheses. The
unit of observation is a female immigrant in the US. The data are from US censuses samples from IPUMS-US for
1880, 1900, 1910, 1920, and 1930. The dependent variable is a dummy taking value one if the woman has ever
married and zero otherwise. Deep determinants are all measured at the country of ancestry. “Cool water” is the cool
water index described in section 3. “Years of agriculture” is the number of years (in thousands) since the Neolithic
revolution (from 1500) from Putterman and Trainor (2006). “Plow” is the proportion of population with ancestors
that used the plow in preindustrial agriculture from Alesina et al. (2013). “Agricultural suitability” is from Alesina
et al. (2013). Ancestry-country controls are: ancestral domestication of large animals, ancestral settlement patterns,
ancestral political complexity, fraction of ancestral land that was tropical or subtropical, the natural log of per
capita income and its square, and continent dummies. Individual controls are: age, age squared, and literacy fixed
effects. US state and census-year fixed effects included. Constants are not reported. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗
p < 0.01.

Table A12: Marriage probability of children of immigrants in the US, defined by the mother’s
country of origin

Female children of immigrants: 1880–1930

(1) (2) (3) (4) (5) (6)
Age group: 15–39 15–19 20–24 25–29 30–34 35–39

Deep determinants:
Cool water -0.940∗∗∗ -0.293∗∗ -0.890∗ -1.498∗∗∗ -1.434∗∗∗ -0.924∗∗∗

(0.301) (0.133) (0.476) (0.392) (0.269) (0.333)
Years of agriculture -0.003 -0.003 -0.004 -0.002 -0.004 -0.004

(0.005) (0.003) (0.009) (0.007) (0.005) (0.006)
Plow 0.327 -0.191 0.949∗ -0.462 -0.092 0.812∗∗∗

(0.286) (0.227) (0.531) (0.696) (0.320) (0.287)
Agricultural suitability -0.260∗∗ 0.046 -0.341∗ -0.359∗∗∗ -0.476∗∗∗ -0.360∗

(0.120) (0.083) (0.175) (0.132) (0.134) (0.185)

Ancestry-country controls Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes
State fixed effects Yes Yes Yes Yes Yes Yes
Census-year fixed effects Yes Yes Yes Yes Yes Yes
Father BPL fixed effects Yes Yes Yes Yes Yes Yes

N 593,352 166,492 146,872 112,177 89,296 78,515
R2 0.402 0.074 0.093 0.062 0.046 0.042
adj. R2 0.402 0.073 0.091 0.061 0.044 0.040
Sample share of ever-married 0.470 0.057 0.384 0.679 0.798 0.839
Notes: OLS estimates are reported with standard errors clustered at the ancestry-country level in parentheses. The
unit of observation is a US-born female child of a immigrant, as defined by the mother’s country of origin. The data
are from US censuses samples from IPUMS-US for 1880, 1900, 1910, 1920, and 1930. The dependent variable is a
dummy taking value one if the woman has ever married and zero otherwise. Deep determinants are all measured at
the mother’s country of origin. “Cool water” is the cool water index described in section 3. “Years of agriculture”
is the number of years (in thousands) since the Neolithic revolution (from 1500) from Putterman and Trainor
(2006). “Plow” is the proportion of population with ancestors that used the plow in preindustrial agriculture from
Alesina et al. (2013). “Agricultural suitability” is from Alesina et al. (2013). Ancestry-country controls are: ancestral
domestication of large animals, ancestral settlement patterns, ancestral political complexity, fraction of ancestral
land that was tropical or subtropical, the natural log of per capita income and its square, and continent dummies.
Individual controls are: age, age squared, and literacy fixed effects. Father’s birthplace (Father BPL), state, and US
census-year fixed effects included. Constants are not reported. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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