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1 Introduction

Wide disparities in gender roles exist across countries and regions as can be observed in, for
example, the large cross-country variation in female labor force participation rates (Alesina
et al. 2013). The existence of these disparities has become a concern for policy makers. One
manifestation of this is the third Millennium Development Goal, which aims at promoting
more equality in gender roles (United Nations 2011). Whether or not an appropriate policy
can be designed to reach this goal arguably depends on research to provide an understanding
of the underlying causes of the variation in gender roles. Recent research has taken up the
challenge and suggests that, to some extent, the observed divergence can be explained by
cultural beliefs, which are strongly rooted in history, about the proper role of women in
society (Fernandez 2007; Fernandez and Fogli 2009; Alesina et al. 2013).1

This paper follows this line of research and proposes the hypothesis that societies with
long histories of agriculture have stronger patriarchal values and beliefs that give rise to less
equality in gender roles.> We test the hypothesis by studying the relation between the timing
of the Neolithic Revolution, which is the prehistorical transition from a hunter-gatherer to
an agricultural society, and contemporary gender roles as measured by female labor force
participation and other indicators of equality in gender roles.

The idea is that the Neolithic Revolution puts societies on a path on which patriarchal norms
and beliefs are adopted. Societies with earlier Neolithic Revolutions have been subject to these
cultural beliefs more intensely and for a longer period of time. For these reasons, such beliefs
are likely to become more ingrained and may still serve as a stumbling block for more equality
in gender roles in terms of female labor force participation as well as female participation in
politics. If so, this would be important for our understanding of the role of culture for gender
roles, and would be highly relevant for policy makers, who want to promote gender equality.

In a world sample of countries, we document robust negative relationships between years
of agriculture in 1500 CE and different measures of equality in gender roles, such as female
labor force participation and female seats in parliament. As the proposed mechanism operates
via informal institutions (i.e., culture) rather than formal institutions, we also test the hypoth-
esis using a sample of European regions. In particular, exploiting the within-country variation
in the data in this sample, we find evidence of a negative association between years of agricul-
ture and female labor force participation. Moreover, when we study the mechanism among
immigrants and children of immigrants living in the US, we obtain the same conclusion.?
The evidence from the latter two samples is therefore consistent with a cultural mechanism.

The proposed hypothesis builds on the work of Ashraf and Galor (2011), Diamond (1987),
Iversen and Rosenbluth (2010) and others. Diamond (1987) proposes that not only did
the move to agriculture lead to an increase in social inequality, but gender inequality also
increased. Diamond (1987, p. 66) describes the mechanism as follows: “Freed from the need
to transport their babies during a nomadic existence, and under pressure to produce more
hands to till the fields, farming women tended to have more pregnancies than their hunter-

! For examples of other research papers in which gender plays a role see Galor and Weil (1996), Klasen
(2002), Miller (2008), or Doepke and Tertilt (2009, 2011).

2 Patriarchy is defined by the dominance of males in social, economic, and political organization (Iversen and
Rosenbluth 2010, p. 17).

3 While the analyses for the world sample and the European sample are carried out on data relatively close to
the present, the US data cover the periods 1850-1880, 1900-1930 and 1950-1970. The US analysis, therefore,
simultaneously allow us to exploit individual level data, and permit us to evaluate the validity of our findings
across time.
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gatherer counterparts.” * Moreover, as argued by Galor (2011, p. 167), the Malthusian Epoch
was characterized by technological progress being channeled into population growth with
a minuscule effect on income per capita. Ashraf and Galor (2011) provide evidence con-
sistent with this using the timing of the Neolithic Revolution as a proxy for technological
advancement. Thus, societies with early Neolithic Revolutions arguably experienced higher
levels of fertility, which left women with less time to other activities than child rearing. As
a consequence, patriarchal values are likely to have become stronger in these societies.

An alternative mechanism?® builds on the work by Iversen and Rosenbluth (2010), who
emphasize the task division within the househould. They note that evidence suggests that
hunter-gatherer societies were characterized by more independent women as compared to
agricultural societies. First, some evidence from present-day hunter-gatherers indicate that
the gathering activity of women provides more than half of the daily calorie intake of their
communities as discussed below. Second, meat—as provided by male hunting activity—may
not have been strictly necessary for survival, and gathered food served as an independent, more
secure source of calories.® We add evidence that societies relying more on hunting/gathering
are more gender equal on a number dimensions. We show that the following outcomes are
more likely in these societies: marriage customs which involve reciprocal gift exchange,
matrilocality,” equal preference for boys and girls, equal punishment for pre-marital sex and
equal division of inheritance. By contrast, the Neolithic Revolution set the stage for different
social norms based on patriarchy.® Moreover, Iversen and Rosenbluth (2010, p. 32) argue that
the move to agriculture created “a premium on male brawn in plowing and other heavy farm
work.” This premium arises in societies which adopted cereal based agriculture rather than
root crop agriculture. In fact, Ember (1983) and White et al. (1981) argue that agriculture
based on cereals (as opposed to root crops) leads to lower female participation in agriculture.
We discuss this in more detail below, but the authors stress that cereal production usually
means that women spend more time on processing the cereals rather than working in the
field. Interestingly, the transition to agriculture as recorded by Putterman and Trainor (2006)
was a transition to cereal-based agriculture in Europe, Asia and Africa.® Consistent with
these arguments, we report empirical evidence indicating that societies with relative more
suitability for growing root crops (compared to cereal crops) had later Neolithic Revolutions
and are more equal in gender roles today. We demonstrate this using both cross-country data,
and subnational level data for African countries.

Thus, the move to agriculture led to a division of labor within the family, where the man
used his physical strength in food production and the woman took care of child rearing,

4 In line with this view, Lerner (1986) associates the origin of partriarchy with the Neolithic Revolution and
argues that: “sometime during the agricultural revolution relatively egalitarian societies with a sexual division
of labor based on biological necessity gave way to more highly structured societies [...]. The more complex
societies featured a division of labor no longer based only on biological necessity, but also on hierarchy and
the power of some men over other men and all women.” Moreover, Dyble et al. (2015) provide evidence of
gender equality in hunter-gathering societies and also associate the rise of gender inequality with agricutural
societies in which heritable resources became important fo reproductive success.

5 We pay special focus to these two mechanisms, though one could also posit other mechanisms e.g. related
to the general rise in inequality or religion. We discuss this more below.

6 The #Kade San of the Kalahari is an example of hunter-gatherers that survive without animal food, but not
vegetable food (Tanaka 1976, p. 13).

7 This denotes the situation in which a married couple settles with the wife’s family.

8 Recent evidence from skeletons of Central European farmers in the early Neolithic suggests patrilocality,
which denotes the situation in which a married couple settle with the husband’s family (Bentley et al. 2012).

9 This is also true for most of the Americas with the main exception of Venezuela and the Caribbean where
early agriculture was based on the manioc root.
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food processing and production and other family-related duties. The consequence was that
women’s role in society no longer gave “her economic viability on her own” (p. 32). In
essence, the general shift in the division of labor associated with the Neolithic Revolution
aggravated women’s outside options (outside marriage), and this increased male bargaining
power within the family, which, over generations, translated into norms and behavior which
shaped the cultural beliefs on gender roles in societies.

Given the emphasis put on the plough by Boserup (1970) and Alesina et al. (2013), one
question naturally arises: Is there evidence that the premium on male brawn existed without
the presence of the plough? In fact, the archaeological evidence suggests that the plough is
not necessarily required. Peterson (2002), for example, demonstrates that the muscle patterns
of Neolithic males from the early cereal producing farming societies of the Southern Levant
(present-day Jordan and Israel) are consistent with participation in timbering and tilling.'?
Importantly, the use of the plough cannot be inferred for the period studied (Peterson 2002,
p. 49). Hinsch (2003) gives a second example for early Neolithic China 7000-8000 years
ago where gender roles already appear to have existed. He observes that “excavation of
Peiligang graves have revealed that work tools were often buried alongside the deceased.
Some graves include stone agricultural and hunting implements such as shovels, axes, sickles,
and arrowheads. Other graves lack these sorts of artifacts, but include tools for grinding grain.
From this evidence, archaeologists have concluded that Peiligang work roles were allocated
according to gender.” Bray (1984, p. 155) discusses when the plough was introduced in
China and notes that Wang Chen attributed it to the spring and autumn period (771 until 476
BCE), but considers other dates, the earliest one being 3300 BCE. Thus, plough-use cannot
be inferred for this case either. A final example is the field study by Draper (1975) of the
'Kung tribe, described below, which suggests that a stronger gender division of labor arises
in the absence of the plough. We also demonstrate that societies which have cereals as their
main crop have lower female contributions to subsistence even when we control for presence
of the plough.

Alesina et al. (2013) provide evidence consistent with Boserup’s (1970) hypothesis that
plough agriculture is behind present-day gender roles. In particular, they construct a measure
of the share of the population that has ancestors who were engaged in plough-use. They note
that one caveat associated with this approach is that they cannot measure whether the plough
was adopted early, since a longer period of plough agriculture is likely to have led to stronger
and more ingrained values and beliefs on appropriate gender roles. In contrast, we provide
evidence consistent with an effect of how long ago agriculture was adopted on modern gender
roles. A caveat is that when we use a world sample, it is not possible to interpret years of
agriculture narrowly as, for example, years of cereal-based or plough agriculture because
a few countries did not make the move to cereal-based agriculture. We can address this
by considering sub-samples for Europe, Asia, and Africa where we can narrow down the
interpretation since early agriculture in these areas were based on cereals.!!

10 Tilling includes a range of activities from preparing the soil to the actual planting of seed. Timbering refers
to land clearance activites. Peterson (2002, p. 110) stresses that tilling the soil with hoe, digging stick, or adze
would require repetitive downward blows involving forearm flexion and extension.

I For the European subsamples we can plausibly interpret the transition to agriculture as a transition to
cereal-based plough agriculture. The reason is that the transition to agriculture and the transition to plough
agriculture practically coincide in Europe, as “agriculture and the plough originated 10-13 millennia ago in
the Fertile Crescent of the Near East [...] and were introduced into Greece and southeastern Europe 8000
years ago”, Lai (2007, p. 1). Further, Fussell (1966, p. 177) notes that the plough known as a crook ard “was
commonly used by farmers all over Europe from Scandinavia to the Mediterranean during the late Neolithic
Age and the Bronze Age.” The European evidence is in line with the hypothesis of Alesina et al. (2013) on
years of plough agriculture.
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In sum, we provide new evidence consistent with the hypothesis that an early Neolithic
Revolution, via its effects on cultural beliefs, is a source of modern gender roles. By doing
so, we also contribute to the literature on the consequences of the Neolithic Revolution. 2

The rest of the paper is organized as follows. Section 2 provides the building blocks of the
paper by presenting evidence on gender equality in hunter-gatherer societies and discussing
how gender inequality may arise in the absence of the plough. In Sect. 3, we present the data
used in the main analysis. Section 4 outlines the estimation framework. Section 5 contains
main results. Section 6 presents interpretation. Section 7 concludes.

2 Gender equality and the move to agriculture

This section presents the building blocks for our contention that an early move to agriculture
had a negative impact on gender equality. The presence of the first mechanism is attested by the
evidence in Ashraf and Galor (2011), who interpret the timing of the Neolithic Revolution
as a proxy for the level of technological advancement. In the Malthusian epoch, higher
technological advancement translated into higher fertilty, which naturally gave women less
time to activities outside the home. However, as proposed in the introduction, this may
not be the only mechanism at play. In Subsect. 2.1 and 2.2, we therefore present evidence
showing that hunter-gatherers had relatively equal gender roles. While many anthropologists
and ethnologists stress gender equality in these societies, there are some notable exceptions
such as, in particular, Ember (1975, 1978) and to some degree Kaplan et al. (2000).'> We
therefore provide a discussion of the existing evidence on the contribution to subsistence,
and to further substantiate gender equality among hunter-gatherers, we present suggestive
correlations between measures of gender equality and the degree to which a society relies on
hunting and gathering. In Subsect. 2.3, we move on to the question as to how the premium
on male brawn may arise in the absence of the plough. Finally in Subsect. 2.4, we explain
the duration effect associated with the timing of the Neolithic Revolution. Specifically, we
discuss how an early move to agriculture transforms into norms by considering theory and
historical examples. Subsection 2.5 sums up the discussion.

2.1 Contributions to subsistence

Much of the evidence on egalitarianism in hunter-gatherer societies are in the form of cal-
culating subsistence contributions from men and women. Men are assumed to be hunters
and women are assumed to be gatherers.! In general, two types of evidence exists: a small
number of detailed case studies and the Ethnographic Atlas.

12 This literature highlights the importance of early agricultural adoption on comparative economic develop-
ment on a worldwide scale. The empirical analysis in Olsson and Hibbs (2005) supports this type of hypothesis
formulated in the work of Diamond (1997). In addition, using a refined measure on the timing of the Neolithic
Revolution from Putterman and Trainor (2006), Putterman (2008), Petersen and Skaaning (2010), and Bleaney
and Dimico (2011) confirms the importance of early agricultural development. However, as suggested by Galor
(2011) and indicated by Olsson and Paik (2012), these results seem to be explained by between-continent vari-
ation in economic development, which is also in the spirit of Diamond’s hypothesis. Our basic result is, on the
other hand, strengthened when allowing for continental fixed effects in the regressions.

13 These observations are arguably not made on pre-historic hunter-gatherers, but on those societies that did
not move to agriculture. Yet, as pointed out by Marlowe (2005, p. 54), “the ethnographic record of foragers
provides the only direct observations of human behavior in the absence of agriculture.”

14 As illustrated by the case study below, gender roles are not that rigid in all hunter-gatherer societies.
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Lee (1968) collected data on the !Kung cited above and reached the result that gathering
contributes 60-80 % of the total diet, see Table 5 in Lee (1968). For other Bushmen, Tanaka
(1976) and Gould (1977) have made similar estimates.'> Lee also examined a sample from the
Ethnographic Atlas and concluded that below the 42° latitude, gathering is more important,
whereas hunting is more important above this latitude. Ember used 181 societies from the
Atlas to conclude that men provide most of the calories in all hunter-gatherer societies,
but her conclusions have been questioned by Hunn (2000) as explained below. Still, her
results confirmed Lee’s result that gathering is more important than hunting in the Sub-
Saharan African societies in the Atlas. Kaplan et al. (2000) reported calorie contributions
in 10 foraging societies and found that the lowest contribution from women is about 15—
20 %, whereas the highest is 57 %. Most of the societies has at least a contribution of 30 %
from gathering. Thus, Kaplan et al. (2000) study supports Ember’s general results of the
importance of hunting, but they also suggest a substantial contribution from gathering.

Hunn (2000) notes, and Ember acknowledges, that there is a dominance of North American
hunting societies in the Atlas. This point has also been stressed by Wood and Eagly (2002) who
state that because “the majority of Ember’s (1978) sample was composed of North American
societies, aggregating across societies yielded a strong tendency for men to contribute more
than women to subsistence (i.e., in 83 % of these societies).” In fact 120 out 181 were North
American societies. Hunn also points out that the codes in the Atlas indicating how much a
society relies on hunting, gathering and fishing do not directly translate into exact subsistence
level. In support of this, he argues that in many cases the codes are based on ethnographic
reports that “are almost without exception mere impressions.” (Hunn 2000, p. 192). For the
case of the societies in the Columbia-Fraser Plateau of North America which according to the
Atlas has relatively low contributions from gathering, he points to evidence that gathering is
substantially more important. By reviewing the ethnohistorical and ethnographic record for
these areas as well as performing time-and-motion studies of contemporary root-digging, he
finds that the contributions from gathering are in the neighborhood of 70 %.

It is also instructive to consider Friedl’s (1975) four types of hunter-gatherer societies.
Three of the types have gathering contributions from women, but the fourth type, exemplified
by North Alaskan Eskimos, has men providing almost all of the food. Eskimo groups are
also singled out by Lee (1968) who notes that they have virtually no access to vegetable
foods given their geographical location. A similar point has been made by Kuhn and Stiner
(2006, p. 955), who note that in“some arctic and subarctic regions, there are comparatively
few small animals to be had and no vegetable foods of dietary significance, so large game
accounts for a very large proportion of all food consumed.” The presence of these societies is
obviously one factor contributing to hunting being more important above the 42° latitude. For
the purpose of understanding the transition to agricultural societies, these groups may also
be of limited interest as model for the hunter-gatherer societies that came to exist in Africa,
Europe and elsewhere that experienced the transition to agriculture. The possibility for either
significant gathering or moving to agriculture is not likely in these arctic or subarctic societies.
Yet, some of the outcomes of these societies are in line with the idea that male dominated
societies attribute less value to women. In arctic societies, female infanticide is more frequent
due to the fact that they will not be able to hunt as adults (Schrire and Steiger 1974).

In sum, there is strong evidence that gathering is a significant contribution to subsistence
in Sub Saharan African hunter-gatherer societies. Tanaka (1976, p. 166) summarizes this
view, and extends it to the past. In fact, he argues that “we can hardly imagine that the ancient

I3 As noted above, Tanaka (1976) finds that the #Kade obtain around 81.3 % of their diet from vegetable
foods. Gould (1977, p. 2) finds for the case of aborigines of Australia that “about 90 % of the time women
furnish at least 80 % of food available to the group as a whole.”
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inhabitants of Africa once derived their diet primarily from hunting even if we take into
account the difference in environment between the Pleistocene and the present.” Whether
this holds on average for hunter-gatherer societies has been called into question by Ember’s
results, but at least part of her conclusion may be attributed to a large share of North American
societies, which include, e.g., Eskimo societies and the societies considered by Hunn where
gathering activities are underreported. Moreover, the studies by Lee (1968), Tanaka (1976),
Gould (1977), Hunn (2000), and Kaplan et al. (2000), which all have more direct observations
on subsistence activities indicate that gathering provides significant contributions.

While the subsistence contributions of women may seem small in some societies, the
food gathered by women is the more certain food source in these societies (see e.g. Peacock
1991). Moreover, gathered food is an independent food source from the meat provided by
men. In cereal basaed agricultural societies, women do not contribute with an independent
food source. Nonetheless, given the disagreement between anthropologists and ethnologists
additional evidence on relatively high levels of gender equality is needed. This is what we
turn to next.

2.2 Evidence from indicators of gender equality

In this section, we investigate alternative indicators of gender equality based on the Ethno-
graphic Atlas. In particular, we study marriage customs practiced in hunter-gatherer societies.
This provides evidence on the status and value of women (relative to men). In practice, we
run regressions on binary indicators of gender differences on variables that capture how much
societies rely on hunting or gathering. These results are reported in Tables 1 and 2. As noted
above, Hunn (2000) stressed that some of the variables in the Atlas were, in some cases,
constructed on the basis of impressions. To minimize the risk of spurious results, we use
two different indicators for the extent to which a society relies on hunting or gathering: (1) a
variable indicating the extent to which a society relies on hunting and (2) a variable indicat-
ing the extent to which a society relies on gathering. These two variables are positively, and
significantly related with a correlation coefficient of roughly 0.51. Moreover, we refrain from
making a direct subsistence interpretation, but simply assume that the collectors of the data
would be able to evaluate the degree to which societies were based on hunting or gathering.

We first probe into which forms of gifts to the families of the bride and groom are more
likely. Societies in which marriages are based on reciprocal gift exchange, which involves the
“roughly equal exchange of gifts between the families of the bride and groom” (Ferraro and
Andreatta 2010, p. 224), are arguably more gender equal. In fact, a simple linear probability
model reveals that reciprocal gift exchange is more likely in hunter-gatherer societies, see
columns (1)—(3) in Table 1. This holds when we regress a dummy for reciprocal gift exchange
on the degree to which a society relies on hunting or alternatively use the degree to which
a society relies on gathering.'® This indicates the absence of gender bias, and when we
estimate similar models for dowries or bride prices,!” we find that these are both less likely
to be practiced in societies that rely more on hunting or gathering.'®

Next, we follow Briffault (1927, p. 310), who stressed the importance of matrilocal mar-
riages which means that husband and wife settle in the wife’s group. He went on to argue that

16 We obtain similar results when using probit or logit models.

17" Andersen (2007) notes that these systems date back to 3000 BC for bride price and 200 BC for dowry
and the societies in which they arose were based on agriculture. Thus, it is hardly surprising that they are less
prevalent in hunter-gatherer societies.

18 We do not report this result, but it is available upon request.
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whenever these marriages were present, they indicated that a matriarchal order had existed.'”
We do not make this claim, but stress that matrilocal marriages would indicate some power of
women. In fact, the data suggest that matrilocal marriages are more likely in societies based
on hunting or gathering, see columns (4)—(6) in Table 1. If we look at patrilocal marriages,
they are less likely in hunting and gathering societies, see columns (7)~(9).2% In columns (3),
(6) and (9), we control for whether a society’s dominant crop is cereal, as we argue below
that the move to this type of crop excarbates gender inequality.

We have also investigated the correlation between the reliance on gathering/hunting and
class stratification (measured from the absence of stratification to a society with social
classes). Class stratification is negatively correlated with the presence of hunting or gath-
ering and positively correlated with cereals as dominant crops. This lends support to the view
that hunter-gatherers were relatively equal which could be related to the scope for inequality,
see Diamond (1987) and Milanovic et al. (2010). Moreover, using data from the Standard
Cross Cultural Sample (SCCS), we find that the contribution to gathering or hunting increases
the probability of equal preference for boys and girls, equal punishment for pre-marital sex,
as well as equal division of inheritance, see Table 2.

It is worthwhile to note that exogamy—the custom of marrying outside your group—is
common in hunter-gatherer societies, but we showed above that this is more likely to be a
type of exogamy where men move to the women’s group. Briffault (1927, p. 280) noted that
in the Kalahari “a man may not marry in the group to which he belongs. It is obligatory for
him to join another group to find wives.”?!

Thus, these correlations suggest that societies that depend more on hunting and gathering
are relatively egalitarian in gender terms and perhaps even to some extent more likely to
be matriarchal, if we believe Briffault. In the main analysis we will use years of agriculture
and note that this is a measure of how long ago societies depended mainly on hunting and
gatherering.

2.3 Gender inequality with little or no plough-use

In this subsection, we first provide a case study of the 'Kung®? of the Kalahari which are
divided into hunter-gatherer and agriculturalist groups. The evidence on the !Kung mainly
comes from Draper (1975), who carried out field work on two groups of !Kung in 1968—1969.
We then go on to discuss how cereal-based agriculture is associated with less gender equality.

19 Korotayev (2003) presents evidence that non-matrilocality is very likely in societies where women con-
tribute very little to subsistence. This suggests that postmarital residence and subsistence contributions are
related.

20 Ember (1975, 1978) argued that among hunter-gatherers, patrilocality is the most common settlement
pattern. This is not the line we take, as we compare marriage patterns between societies that rely on hunting
or gathering to varying degrees. Yet, we want to point out that Alvarez (2004) has analyzed the sources of
the data in Ember (1975), and finds that, after careful revision, bilocality is a much more common settlement
pattern. This is also more in line with the direct observations of ethnologists and a relatively high level of
gender equality.

21 We use an outcome based on variable 11 in the Ethnographic Atlas. This variable indicates the location
of the couple after the first years of marriage. Briffault (1927, pp. 302-303) notes that in many of the cases
he observed, marriage is not permanently matrilocal, but in some cases lasts only months and in others years.
The alternative variable 13 which does not record a number of years in the Atlas reveals no tendency for either
marriage pattern to be more likely in hunter- gatherer societies. This suggests that these societies practice
some degree of matrilocality but that it is not permanent. This is consistent with limited gender inequality.

22 The !Kung are also referred to as Ju/’hoansi; see Kent (1995, p. 513).
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2.3.1 Case study of the !Kung

As mentioned, the !Kung are divided into hunter-gatherer and agriculturalist groups. This
allows a comparison between the groups in terms of gender roles. Women contribute 60—80 %
to the daily food intake in the hunter-gatherer group . This group is described by “sexual egal-
itarianism” (Draper, p. 96). The agriculturalist group—sometimes referred to as the Mahopa
people?>—had very recently settled at the time of study. They keep small herds of goats
and plant small gardens of sorghum, squash, melon, and maize. Draper observes that in this
group, gender equality has diminished, and she also describes the sexual division of labor.
Importantly, none of the explanations provided by Draper refer to plough-use. Moreover, she
indicated in personal communication that none of the Mahopa people were in possession of
ploughs or oxen trained to the plough by the 1970s, and it is therefore implausible to attribute
the sexual division of labor to plough-use. We also note that the crops grown are plough
negative.

Draper concludes that the change to animal husbandry and crop planting was associated
with a decrease in women’s autonomy and influence relative to men’s. In the sedentary soci-
ety, men clear the fields and erect brush fences around the gardens to keep out the animals.
They also attend to the goats. Women, on the other hand, do much of the processing of the
food. Draper (p. 101) summarizes this and states that “under settled conditions food prepa-
ration is more complicated, although the actual diet is probably less varied in comparison
with that of the foragers. Grains and squash must be brought in from the fields and set up on
racks to dry. Sorghum and corn are pounded into meal; squash and melons are peeled and
then boiled before eating. Women do the greatest part of the cooking, and they also do most
of the drying and storing.” She also emphasizes that women spend much more time near the
home, and that, unlike the hunter-gatherer society, children are socialized in different ways
with boys being taught to take care of the herd of goats, and the girls staying at home. Thus,
a division of labor and gender inequality have arisen among the sedentary !Kung without
the plough. Draper (1975, p. 78) also observes that gender roles are less rigid in the hunter-
gatherer society compared to the agricultural society, since men in the former are more likely
to carry out what is normally women’s work.

As stressed above, Draper indicated in personal communcation that the !Kung studied did
not have ploughs when she carried out her studies, and their villages consisted only of !Kung.
However, she noted that Bantu speaking tribes used ploughs, and the !Kung living near them
know of the plough, and some know how to use it. Yet, the described sexual division of labor
appears not to be related to the plough. Since the early 1980s, the more patriarchal Bantu
speaking people introduced, or heavily influenced, profound economic changes among the
!Kung that may have changed gender roles (Kent 1995). We note that the study by Draper
(1975) was carried out before these changes took place.

The case study is suggestive of a shift in gender roles associated with agriculture without
the plough.?* Next, we discuss literature that looks at factors explaining a sexual division in
agriculture when the plough is absent.

23 They are also referred to as the people from the “Dobe area” of Ngamiland, Botswana.

24 A case study is by construction only one point, so many additional factors could have been in play. It is for
example conceivable that the mentioned Bantu farmers had been influenced by e.g. Europeans and migrants
with origins in the Fertile Crescent. We investigate these factors further in Sect. 6.4.
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2.3.2 Cereal-based agriculture and gender equality

White et al. (1981) provide an analysis of "the sexual division of labor’ in African agriculture
using 36 cultures. They note that one advantage of this is that plough-use is unlikely to be a
factor behind gender roles in agricultures, as the societies in Africa have limited plough-use.
In fact, they posit that certain factors contribute to differences in gender contributions to
agriculture. In particular, they emphasize that growing cereal crops—which in the African
context include millet and sorghum—rather than root crops contributes to lower female
contributions to agriculture. They list a number of arguments for why this is so. First, cereal
crops require more secondary processing than root crops, and this tends to be women’s task.
In line with this, Ember (1983, p. 290) argues that many root and tree crops seem edible
with relatively little preparation, whereas cereals are often dried and as a consequence need
more processing. She also notes that “cereals take a long time to cook if the kernels are
dried and whole [...]. Many of the cereal grains (e.g., millet) also require threshing and
winnowing before the kernels can be cooked, pounded, or ground.” This is in line with
Draper’s observation on the !Kung. Second, root crops can usually be harvested at a more
leisurely pace than cereal crops because the roots can be left underground. Cereal harvesting
is therefore more likely to require mobilization of both men and women. By contrast, root
crop harvesting is usually done by women alone.? In line with these arguments, White et al.
(1981) find that areas that grow cereal crops have lower female participation in agriculture.?®

The results of these data are also consistent with the historical account of Bauman (1928)
who, as pointed out by White et al. (1981), saw a relation between the areas growing cere-
als and a more patriarchal form of agriculture (see also Lancaster 1976). Bauman (1928)
believed that the earliest agriculture in Africa was likely to be based on root crops and large
contributions of females to agriculture. He also believed that an ancient system based on
cereals—somewhat younger in age than the one based on root crops—was the origin of
patriarchy in African agriculture. Guyer (1991) provides circumstantial evidence that the
system based on large contributions of females to agriculture is actually the more recent
one. In fact, among the Beti of Cameroon the ancient system of crops was based on millet
and yams, which include both a cereal and a root crop. According to Guyer (1991), millet
typically has substantial male contribution to agriculture, which is in line with White et al.
(1981). Moreover, early African agriculture as dated by Putterman and Trainor (2006) was
cereal based.?’

2.4 The duration effect

In this subsection, we discuss theory and examples which elaborate on why there would be a
duration effect. Galor (2011, p. 75) argues that the Neolithic Revolution led to one large tech-
nological shock followed by a long discrete series of incremental aftershocks. The aftershocks
were made possible by the rise of a non-food-producing class whose members were essential

25 This would imply that in terms of contributions to subsistence men would add more due to increased
participation in harvesting with cereal based agriculture.

26 Other plausible mechanisms exist. As pointed out by an anonymous reviewer, important consequences of
sedentary agriculture were the notion of storing goods and the notion of private property. Since root crops are
less portable and are more perishable, these are easier to implement with cereal crops. This is in line with the
narrative in Lerner (1986), who note that men were able to have control over surplus food.

27 While this paper mainly highlights the common effect of cereal crops, recent research suggests that the
type of cereal crop may matter for cultural attitudes (Talhelm et al. 2014). In this paper, we control in some
regressions for different types of cereals according to whether they are plough positive or plough negative.
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for the advancement of written language and other inventions. The initial shock seems also
to have led to a particular gender division of labor which over time slowly resulted in cul-
tural values that were actively promoted by writers from the non-food-producing class.2® As
pointed out by Galor (2011), time since Neolithic Revolution captures how many aftershocks
a society has experienced. He demonstrates that societies with earlier Neolithic Revolution
had higher technology levels in both CE 0 and CE 1000 (p. 79). Moreover, the technological
differences are persistent, which is also in line with work by Comin et al. (2010). Thus, even
after thousands of years of agriculture in all of the countries, they experienced technological
divergence. We believe that it is plausible that this also translated into fertility differences as
well as cultural divergence in terms of gender roles.

We can also appreciate the survival of values by appealing to the theories of the spread
of the Neolithic Revolution. According to the “cultural diffusion model”, indigenous hunter-
gatherers adopted the agricultural package without a direct influence from immigrating
farmers. In this model, the process of accumulating patriarchal values therefore started earlier
on in societies with long histories of agriculture. According to the “demic-diffusion model.”
which posits that the Neolithic Revolution spread by migration, more years with agricul-
ture in a country/region reflect a longer process of assimilation between hunter-gatherers
and farmers. Thus, in a model of intergenerational transmission of culture (see, e.g., Bisin
and Verdier, 2010), where culture is formed in the interaction between parental socializa-
tion (values transmitted from parents, which, in part, reflect the hunter-gatherer way of life)
and economic variables such as the mode of production (agriculture production), traces of
hunter-gatherer traits are less prevalent in societies with longer agricultural histories. In
fact, evidence suggests that the settled farmers interbred with local hunter-gatherers (Bell-
wood 2005).2° Morever, recent evidence by Skoglund et al. (2012) compare the alleles of
Neolithic hunter-gatherers and farmers to present day Europeans, and find that “Neolithic
hunter-gatherers shared most alleles with northern Europeans, and the lowest allele sharing
was with populations from southeastern Europe. In contrast, the Neolithic farmer shared the
greatest fraction of alleles with southeastern European populations (Cypriots and Greeks)
and showed a pattern of decreasing genetic similarity to populations from the northwest and
northeast extremes of Europe.” This is in line with the Neolithic Revolution having a dif-
ferential impact on European culture since it appears that genes from hunter-gatherers have
persisted more strongly in the North.

The case study of China by Hinsch (2003) provides an interesting illustration of how
norms might take a long time to become ingrained as well as the role played by intellectual
elites. He notes that a gender division of labor existed quite early (7000-8000 years ago), yet
it took a long time before this division translated into values and beliefs. Much later during
the Eastern Zhou (1046-256 BCE) era, Hinsch (p. 598) notes “a major change in sexual
segregation.” Specifically, he argues that “men and women were still separated for much of
the day because they did different kinds of work in separate places, and perhaps also because
of exogamous marriage customs. But some thinkers began to see this physical separation of
the sexes not as a mundane fact, but as a lofty ideal.” In fact, Hinsch (2003, p. 599) notes

28 This is in line with the Neolithic Revolution bringing around an upper class of intellectuals and rulers which
would play a role in enforcing social norms. In the Chinese case discussed below, the Neolithic Revolution
arguably brought about Confucius and his followers who helped establish patriarchal values based on the
pre-existing gender division of labor. Patriarchy was not invented by Confucius, as it also arose in other parts
of the world.

29 Empirically, much evidence exists which favors the demic-diffusion model, but according to Gkiasta et al.
(2003), there is also evidence of the cultural-diffusion model where adoption of agriculture is due to incoming
ideas rather than people.
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that by the Han dynasty (206 BCE-220 CE) the “ideal of men plowing and women weaving
had become a mainstay of social discourse. It can be found in all major genres of writing.”
Thus, it took thousands of years before gender roles in agriculture were transformed into
beliefs and norms in China. A second example comes from the Middle East. According to
Schaneveldt et al. (2005, p. 80), gender roles were more egalitarian in the early days of Islam.
In fact, women were encouraged to attain an education in both religious and social domains,
but the status of women declined as “pre-Islamic (Neolithic) traditions reappeared.” This
is also consistent with our hypothesis that countries with early Neolithic Revolutions have
more ingrained patriarchal values.*’

Patterson’s (1994, pp. 305-308) chapter on the division of labor in Ireland in the time
around CE 700 suggests that the direct labor contribution from males was cultivation. Men
had special claims to grain and they would have been involved in all facets of tillage including
plowing. Yet, she notes that “wives undertook plowing” (p. 305) according to the Cdin
Lanamna (’the law of marriage’) of CE 700 and that the division of labor was less rigid in
Ireland compared to many other European contries. Ireland had a relatively late transition to
agriculture compared to, for example, Italy which had the transition 3000 years earlier. For
the case of the !Kung, Draper’s study indicates that values are changing among the sedentary
!Kung. Yet young rebellious wives were not uncommon (Draper 1975, p. 97).

2.5 Summing up

We have provided and referred to evidence consistent with the proposed mechanisms. We
have also provided a case study and discussed the possibility that the move to cereal-based
agriculture has been associated with a gender division of labor which fits the one that Alesina
et al. (2013, p. 475) attributes to plough agriculture: “Men tended to work outside the home
in the fields, while women specialized in activities within the home.”3! This fits the situation
of the sedentary !Kung people, and also fits with the other historical examples mentioned in
this section and in the introduction. We have also explained how years of agriculture may be
viewed as capturing the intensity of treatment. This provides the background for testing the
proposed hypothesis.>?

3 Data and descriptive statistics

This section presents a short overview of the dataset assembled for the empirical analyses.
Data sources and the countries included in the various samples are reported in the online
appendix. The female labor force participation rate in 2000 CE is used as our main indicator
of contemporary equality in gender roles. We use this indicator for two reasons. First, the
hypothesis presented above mainly relates to whether females participate in the labor market.
Second, the female labor force participation rate is the main indicator used in other research
on gender roles, e.g., Fernandez and Fogli (2009) and Alesina et al. (2013). Nevertheless, in
the paper, we also consider the following alternative indicators: years since female suffrage
in 2000 CE, fraction of female seats in national parliaments, fraction of female legislators

30 Schvaneveldt et al. (2005, p. 77) state that “Historically, gender roles and family relationships in Middle
Eastern culture have been very traditional and steeped in beliefs and customs stemming from Islam.” This
indicates that Middle Eastern patriarchy is not of recent date.

31 As noted previously, this is not the only difference between hunter-gatherer and farming societies.

32 Given the theoretical background, we note that the effect may not be so strong for the Americas given the
presence of societies that moved to root-based agriculture.
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Table 3 Summary statistics

Variable description #Obs. Mean Std. dev. Min Max

Cross-country dataset

Migration-adjusted years of 155 4.927 2.151 0 9.900

agriculture in 1500

Years of agriculture in 1500 155 4.362 2.457 0 10

Female labor force 155 55.39 16.760 13.40 91.40

participation in 2000

Log income/capita (in 154 8.627 1.195 5.790 11.21

2000)

Tropical climate 155 0.732 0.423 0 1

Fraction of arable land 155 0.156 0.146 0.0009 0.664

Ln distance to coast or river 155 4.972 1.374 1.115 7777

Landlocked dummy 155 0.245 0.432 0 1
European dataset

Years of agriculture in 1500 174 6.447 0.905 5.084 9.890

Female labor force 174 48.34 10.500 3.800 68.04

participation in 2008

Ln income/capita (in 2008) 169 9.808 0.663 7.937 10.87

Distance to the Equator (in 174 5,345 553.400 4,173 6,454

km)

Distance to Wittenberg (in 174 935.6 570.000 55.27 2,867

km)

Plough-suitable share 174 0.518 0.304 0 1

(positive)

Plough-suitable share 174 0.0167 0.0521 0 0.305

(negative)

This table reports summary statistics for the baseline variables in the cross-country analysis and the European
regional analysis

and managers, female-male schooling ratio, and a ‘gender equality’ index to be explained
below. In addition, the online appendix reports results using cultural values from the World
Value Survey (see Table 14A).

The main explanatory variable is years of agriculture in 1500 CE. Countries with a later
transition than 1500 are set to zero years of agriculture. For the cross-country sample, we
obtain data from Putterman and Trainor (2006), which are weighted by the post-1500 migra-
tion flow (Putterman and Weil 2010). For the regional European sample, data are obtained
from Pinhasi et al. (2005).3

As control variables, we include a range of variables accounting for geographical, socioe-
conomic, historical, and other country (regional) specific characteristics; see Table 18A in
the online appendix for details. In general, the control variables are introduced as the analy-
sis progresses. The summary statistics for the baseline variables in the cross-country and
European regional samples are reported in Table 3.

B n particular, Pinhasi et al. (2005) provide carbon dates from various Neolithic sites in Europe. From this,
we obtain average transition dates of each NUTS 2 region in ArcGIS. See also Fig. 2 for a map depicting these
data.
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4 Estimation framework

We start out by testing the outlined hypothesis in a world sample of countries by using the
following baseline specification:

FLPR; = a + B years of agriculture; + X3y + Dy + &;, €))

where i denotes country, 'L P R; is the female labor force participation rate in 2000 CE,
years of agriculture; is the migration-adjusted years of agriculture in 1500 CE (in 1000s), X;
is a set of control variables (e.g., income, income?, formal institutions, geography, religion,
historical plough-use), Dy is continental fixed effects, and ¢; denotes the disturbance term.
Formally, the hypothesis to be tested is that 8 < 0: years of agriculture is negatively related
to female participation in the formal labor market. We also implement a version of Eq. (1)
in which we use the unadjusted years of agriculture in 1500 CE.

A key methodological challenge for this type of analysis is how to separate the effect of
culture from the effect of formal institutions and other national specific conditions. Even
though the approach in Eq. (1) attempts to deal with this by including a range of possible
confounders, a concern may be how much of the magnitude of g relates to national institutions.
This is dealt with in two ways. First, we follow the approach as in, for example, Tabellini
(2010) and estimate the following model on a European regional sample:

FLPRj; = a+ p years of agricultureji +C+Zipn+ €jis 2)

where j denotes region,>* FLPR ji is the female labor participation rate in 2008 in region
J of country i, years of agriculture; is the years of agriculture in 1500 CE (in 1000s), C;
represents the country fixed effect for country i, Z j; denotes additional control variables (e.g.,
income, income?, distance to Wittenberg, distance to the Equator, plough-suitable share), and
€; is the unexplained part. The specification in Eq. (2) controls for all national level factors
and in this way rules out that 8 is contaminated by the effect of, for example, male-biased
national formal institutions.

In the second approach, we study the mechanism among (female) immigrants and (female)
children of immigrants living in the United States. The estimation equation is given by:

FLPjis; = a + p years of agriculture; + X + V'jigy + s + T + €jist, 3)

where F L Pj;; is an indicator variable for the labor force status of a (female) immigrant or
a (female) child of an immigrant j, with ancestry of country i, living in state s in year .
years of agriculture; is the number of years of agriculture in the father’s country of origin in
1500 CE (unadjusted), V j;5, denotes a set of individual-level controls (age, agez, literacy or
education level, years living in the US), u; is state fixed effects, t; is US census-year fixed
effects, and ¢, is the disturbance term. We identify the children of immigrants through
their father’s ancestor country. The remaining variables are defined as in Eq. (1).

Finally, it should be noted that we also study the hypothesis in samples with regional and
individual data from the Demographic Health Survey and World Value Survey, respectively.
These result are reported in Tables 12A and 14A in the online appendix.

34 Regions follow Eurostat’s definition of regions at the NUTS 2 level, which categorizes regions based on
population sizes ranging from 800,000 to 3 million.
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5 Results

We report the main results in two subsections. Section 5.1 presents the main results based on
the world sample, whereas Sect. 5.2 considers the robustness of these results.

5.1 Main results

Columns (1)—(3) in Table 4 display the results of estimating Eq. (1). In column (1), the
female labor force participation rate is regressed on the migration-adjusted number of years
of agriculture. From this, we see a statistically significant and negative coefficient, and the
R? indicates that agricultural history explains one-quarter of the variance in the year 2000
female labor force participation rate. This suggests that a long agricultural history is related
to “traditional” gender roles with women being outside of the formal labor market. To obtain
an impression of the economic significance, we note that the result implies that a thousand-
year earlier transition is associated with 3.9 % points lower female participation. By the
inclusion of continent dummies, column (2) checks whether the result is driven by between-
continent variation in the outcome variable, but this actually increases the absolute value of
the coefficient from 3.9 to 6.0.

The influence of controls for economic development and geography is demonstrated in
column (3). Previous studies have argued that female labor force participation follows a U-
shaped path in economic development (e.g., Goldin 1995; Galor and Weil 1996; Tam 2010),
and we therefore include the natural log of income and its square.>® The estimated coefficients
on income and income squared confirm a U-shaped relationship. Moreover, various aspects of
geography are possibly related to both gender roles and the timing of the Neolithic Revolution.
Thus, the specification in column (3) includes the following geographical controls: fraction
of tropical and subtropical land, fraction of arable land, log distance to coast or river, and a
dummy for landlocked countries. We note that the magnitude of the basic result is relatively
stable to the inclusion of these control variables. Figure 1 plots the partial correlation for
the model in column (3), which we consider as our baseline result, and it suggests that the
relationship is not driven by outliers.3®

In columns (4)—(6), we repeat the estimations with the unadjusted years of agriculture
as the explanatory variable. Doing so is interesting for two reasons. First, the post-1500
migration flow is possibly endogenous to current gender roles if areas with a “potential”
for developing patriarchal cultural values attracted immigrants with long ancestral histories
of agriculture. The unadjusted measure will by construction not suffer from this source of
endogeneity. Second, and more importantly, the proposed hypothesis is consistent with the
notion that the history of a population’s ancestors matters more than its history of geographical
places (Putterman and Weil 2010). This would suggest that results should be stronger with the
adjusted measure. The regressions with the unadjusted measure show a significant negative

35 Given that income is likely to be endogenous, it is important to run regressions which exclude this variable.
This is done e.g. in columns (1) and (2) in Table 4. Yet, since many studies include this variable, we decided
that it is, on balance, better to show specifications which include it.

36 The online appendix reports results from using the availability of prehistoric domesticable animals and
plants as “bio geographical” instruments for the timing of the Neolithic Revolution (see Table 15A). Given that
this only influences female labor force participation rates through adoption of agriculture, we can rule out that
the results are driven by omitted variable or attenuation bias. It could, however, be argued that the availability
of prehistoric domesticable animals is invalid as an instrument, because it is related to the adoption of animal
husbandry which could lead women to spend more time closer to home taking care of animals. Nevertheless,
we obtain similar results when conditioning on a measure of actual historical use of domesticated large animals
from Alesina et al. (2013).
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Table 4 Main results—gender roles and years of agriculture

Dependent variable is female labor force participation in 2000

€] (@) 3 @ ® 6

Years of agriculture —3.915%**%  —6.018%** —5366%**
(migration-adjusted) (0.564) (0.757) (0.806)
[0.582] [0.758] [0.791]

Years of agriculture —2.697%*%  —4.920%** —4 855%**
(unadjusted) (0.539) (0.805) (0.823)
[0.552] [0.772] [0.791]
In income/capita in 2000 —32.28%* —35.86%*
(14.92) (16.58)
[14.49] [16.14]
In income/capita in 2000 1.837%* 1.938%*
squared (0.845) (0.932)
[0.824] [0.911]
Tropical climate —6.738 —5.852
(4.261) (4.127)
[4.205] [4.088]
Arable land 10.80 5.182
(8.019) (8.820)
[0.076] [0.087]
Ln distance to coast or 0.728 1.628%*
river (0.932) (0.945)
[0.899] [0.927]
Landlocked 3.435 3.202
(2.898) (2.817)
[2.738] [2.695]
Continent fixed effects No Yes Yes No Yes Yes
# of countries 155 155 154 155 155 154
R? 0.25 0.38 0.44 0.15 0.32 043

The table reports OLS estimates. Migration-adjusted years of agriculture is time elapsed in 1500 since the
Neolithic Revolution in 1000 years (Putterman and Trainor 2006) adjusted with a post-1500 migration matrix
(Putterman and Weil 2010). Constants are not reported. Robust standard errors in the parentheses. Conley
standard errors in the brackets that allows for spatial dependence between observations at a 5° level.

***p < 0.01, % p <0.05 *p <0.1

association as expected from the high correlation between the two variables (circa 0.85). But
the absolute values of the coefficients on the unadjusted measure are smaller in numerical
magnitude. Therefore, although the results in this section are quiet about the role of formal
versus informal institutions, they are consistent with the interpretation that people with long
histories of agriculture have adopted certain values and norms that still affect their views on
the role of women in the labor market today.

5.2 Robustness

The conclusion that long histories of agriculture matter for the contemporary role of women
in society is corroborated by the strong robustness of the finding. In particular, this subsection
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Fig. 1 The partial relationship between female labor force participation and years of agriculture. Notes Data
source: Column (3) of Table 4

demonstrates the robustness of results to potential confounding factors, alternative samples,
and alternative outcome measures.

The role of historical plough-use and growing season Table 5 investigates whether our
key finding simply reflects the effect of historical plough-use or the number of growing
days on modern gender roles. In columns (1)—(4), the historical plough-use variable from
Alesina et al. (2013) has been added to the model and is negative and statistically significant
in specifications (2) and (4), where we have added the baseline controls of Alesina et al.
(2013).3” Importantly, the coefficient on years of agriculture remains negative and statistically
significant in all specifications, suggesting that long histories of agriculture do not merely
capture historical plough-use. Further, we add the number of growing days per year in columns
(5)—(8) to test whether the effect comes from the role of the length of the growing season as
proposed by Burton and White (1984).3% The variable is significant with a positive sign as
expected, but adding it does not change our baseline result, which remains significant, even
though the point estimate is reduced somewhat.>”

Other potential confounding factors The results from specifications which control for
other confounding factors are reported in Table 6. Columns (1)—(3) include variables that
are intended to capture the effect of formal institutions on gender roles. Hariri (2012) finds
that early statehood outside Europe is related to present autocratic rule which may itself

37 These include the following variables: the economic and political development of the country in ancient
times, the use of large domesticated animals, the overall agricultural suitability, the fraction of tropical and
subtropical land, log GDP per capita, log GDP per capita squared, and continental fixed effects.

38 Burton and White (1984) based this prediction on among other things a case study by Machlachlan (1983).
He studied South Indian intensive farming and argued that a narrow seasonal window puts a premium on the
labor of young men due to the soil preparation being physically demanding. He also argues that men gain
critical farming experience while young, which then made them more efficient farm managers when older.
39 We have also investigated whether our results are driven by, for example, the interaction between years of
agriculture and historical plough-use, or the one between years of agriculture and the number of growing days
per years. Including these interactions does not affect the significance of years of agriculture, and they are not
significant themselves.

@ Springer



J Econ Growth (2015) 20:365-404

384

(656°0) (6£6°0) (¥88°0) (£68°0)
1€9°0— 969°0— 7680 #08°0 Ayrxopduwod orwouody
(€9t D) (L6€1) (¥6S°T) (0TS D
651°C 1L0°C €Sl 11S°1 SATYDILIDIY [EINI[O]
(€¥8°6) (€67°9) (69%°9) (866°S)
ST T— 9L6'T— 99¢°0 1L60— S[ewTuE 95IE] JO SOUASAI]
o1¢%) (629°%) (szry) (€cr'y)
wx T 11— #4EL8°6— #4068 6~ «I1°8— Srew|d eardod],
(99%) (LY6°¢) S1z9) (9¢1¥)
#%L00°6 #x£97°6 €569 #€09°L Anpiqeans [eImnousy
STONUOJ duI[aseq euIsa[y/
(8€10°0) (1210°0) (2210°0) (I1210'0)
578700 #417S50°0 #xxL8Y0°0 555 C7S0°0 skep SurmoIn
(LLOY) (169°¢) (LEOT) (5$8°¢) (80t1) (161%) (Sse¥) (8LEY)
#506E 8~ €067~ *C01'L— Yeer— AN e 6£6'9— #%C86'8— L61°9— asn-ysnod [eaLIo)sIy
(626°0) (018°0) (9¥8°0) (618°0)
x2S 19°T— #xx €CEE— woxk €6 E— #2019 v — (paysnfpeun) aImnoLISe jo s1eax
(918°0) (¥8L°0) (T80 (98L°0)
sxL0S €~ #4008 €— w19 P— P01 S— (paysnipe-uoneISiu) aINoLISe Jo SILK
(8) (L) 9) (©) () (©) @ (1

SJUTBTSUOD [BUOSEAS

asn-ysnoyd [eor10sTH

000z ur uonedroned 010§ J0qe[ 9[EWJ ST J[qeLIBA Juapuado

sKep Suimoi3 pue asn-y3nofd [eOLI0ISIY JO SI[OI AYI—ssauIsnqoy S [qBL

pringer

as



385

J Econ Growth (2015) 20:365-404

10> d 4600 > d ss TO0 > d s

*sasayyuared dy) UT SIOLI PIEPUE)S 1SNQOY “pajiodal Jou e SJuLISuo)) ‘4 Qe
Jo (¢) uwn[od ur papN[OUT SIA[qELIBA ) O} SI9JI S[ONU0D AUIAsEH 7007 ZAVD OV woij skep Suimoird Aeak oferoae are skep Surmoln (0107 [IOA PUB UBWIONNG) XLIjeW
uoneidiw (OS1-150d € yirm parsnlpe (9o Jourel], pue ueuang) sIeak ()00 Ul UONN[OAY JIYI[OAN Y} 0UIs )OS Ut pasdefe awn st a1mnouide Jo s1eak pajsnlpe-uoneiSiy
(€107 ‘T8 19 euIsa[y) 2amnoude [emsnpur-axd ur ysnopd Sy pasn jey) s103sedue Yim suaznio jo uontodoid ayy st asn-ySno[d [OLIOISTH ‘sejewnsd SO sModar d[qe) dyL,

6t°0 1S°0 750 (450) S 40) St 8%°0 90 2
#S1 ¥SI #S1 ¥SI ¥SI ¥S1 Iy ¥SI1 SALNUNOD JO #
SAX S SAX S S SAX SAX S $193JJ9 pPaxy juaunuo)
ON SO ON S ON SAX ON SO S[onuod aureseyq
(€€8°0) (€LL'O) (068°0) (918°0)
#+1C1°C #4x580°C #4S68'T #5878 T poazenbs 000 ut eyrdes/ourodur u
as+vn 09°€D) (66°S1) OrvD)
xxL9'8E— sl 8'9E— #5685 GE— xx €1 EE— 000¢ ut eytdes/awodut uf
(8) 03] 9) (©) ) (€) @ (1
SJUTRIISUOD [BUOSeaS om:-smsoa [ed1I0ISTH

000z ut uonedroned 90107 J0qe[ 9[RWR] ST A[qELIEA Juapuada(]

panunuod ¢ Jqe],

pringer

Qs



386 J Econ Growth (2015) 20:365-404

influence gender roles,*” and since state history is positively related to the timing of the
Neolithic Revolution, this channel might be what drives our results. Along similar lines, the
work of Acemoglu et al. (2002) finds that Europeans tended to set up extractive institutions
in places with early development. This, along with the results in Ashraf and Galor (2011),
also constitutes an alternative explanation for the presented evidence if extractive institutions
are male biased. To address these issues, we augment the model specification from column
(3) in Table 4 with an index of state antiquity from 0 to 1500 CE (Putterman 2007),4! legal
origin dummies, the level of democracy in 2000, and an index of social infrastructure (Hall
and Jones 1999). The regressions in columns (1)—(3) establish that our basic result is robust
to these alternative institutional explanations.

Previous work argues that religion plays a significant role in explaining cross-country
variation in female contribution to the labor market; see the discussion in Alesina et al. (2013:
p. 33). While religion can be regarded as a channel through which agricultural history might
affect gender roles, we nonetheless explore the importance of this specific channel. Column
(4) includes the fraction of Muslims, the fraction of Protestants, the fraction of Catholics, the
fraction of other Christians, and the fraction of Hindus, and column (5) also includes religious
fractionalization. We find that the absolute value of the coefficient reduces from around 5 to 3,
but it remains statistically and economically significant. Moreover, in Tables 10A and 16A in
the online appendix, we demonstrate that similar estimates are obtained when using the same
religious shares for the year 1900 instead. These findings suggest that years of agriculture
does not only impair gender equality through the doctrines of religion.*> Given that hunter-
gatherers were more equal, we have, in some unreported specifications, also checked whether
our results are driven by (persistent) inequality by including the gini coefficient.*> We find
that this does not affect results.

So far we have controlled for the effect of economic development on female labor force
participation by the inclusion of income and income squared. Column (6) adds years passed
since the demographic transition (Reher 2004), as an alternative predetermined control for
economic development today, but again, the coefficient on years of agriculture is stable.

Finally, column (7) includes the above-mentioned controls simultaneously. While the
magnitude and precision of the coefficient is reduced, we still find a sizable negative effect
associated with years of agriculture. Moreover, if we compare the coefficient from this full
specification to the coefficient from most restricted specification, reported in column (1) of
Table 4, the influence of unobservable variables would need to be about 1.5 greater than that
of the observable variables (included in column 7 of the current table) to explain our finding
away (see Altonji et al. 2005; Nunn and Wantchekon 2011).

The online appendix further shows that our conclusion is robust to an extended set of
controls. For example, physical distance to the Fertile Crescent, migratory distance to East

40 Lerner (1986, p- 9) also links the creation of early states to gender roles and argues that they were organized
in the form of patriarchy. Still, she also acknowledges that plough agriculture may have mattered as it demanded
the strength of men and was not for pregnant women or lactating mothers (Lerner, p. 51).

41 The state antiquity variable is migration adjusted. Similar results are obtained for the unadjusted variable.

42 Ross (2009) argues that oil production rather than Islam reduces contemporary female labor market par-
ticipation. In results available upon request, we demonstrate that our argument is robust to the inclusion of oil
rent per capita (taken from Ross 2009).

43 An alternative way of evaluating the importance of social inequality as a cause of gender inequality is
to consider complex hunter-gatherers as found in e.g. the Pacific Northwest. According to Klein (1995),
these societies have social hierarchies, though gender inequality is absent. Burchell (2006) reports evidence
consistent with this by examining the extent to which men and women are buried with grave goods . Yet, Ames
and Maschner (1999) found that men were more likely to be buried with grave goods.
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Africa and its square, colonial dummies, and the extended set of covariates used in Table VII
of Alesina et al. (2013), see Tables 7A, 12A as well as 13A.

Sub-samples Table 7 provides the estimated coefficients on years of agriculture across dif-
ferent sub-samples of observations. For convenience, we repeat our baseline result in column
(1). Because the forerunner countries in the transition to agriculture are located in the Middle
East (e.g., Iraq, Jordan, Lebanon, and Syria), one might suspect that the basic association is
driven by countries in this area of the world. But, as can be seen from column (2), excluding
the Middle East only has a relatively small effect on the stability of the coefficient on years
of agriculture. Next, in column (3), we observe that the basic result also turns up when only
considering Old-World countries.**

To provide further insights into whether we are merely capturing a plough effect along
the lines of Alesina et al. (2013), we restrict the sample to countries that did not engage in
historical plough-use in column (4).*> Within this small group of countries, we also recover
a negative and statistically significant correlation, suggesting that our variable cannot only
be attributed to historical plough-use. Moreover, the estimated coefficient is of the same
magnitude as in our base sample. The remaining columns of Table 7 consider the proposed
hypothesis continent by continent. While the basic estimate loses some magnitude and pre-
cision in the Americas (column 8), we find a significant negative relationship between the
female labor force participation rate and migration-adjusted years of agriculture within each
of the remaining continents (i.e., Africa, Asia, and Europe).46 Moreover, for the European
sample we argued that there is little variation in historical plough-use. Our assumption of
nearly invariant historical plough-use within Europe is warranted, as this variable has a neg-
ative, but statistically insignificant coefficient in the European sub-sample (not reported). In
fact, the coefficient is estimated with great imprecision with a t-value of —0.16. However,
the coefficient on years of agriculture is practically unchanged and remains significant.

Finally, it can be noted that while column (4) only includes the countries with no historical
plough-use, we have also investigated whether the relationship holds for different cut-offs of
historical plough-use. All results are in line with the proposed hypothesis; see Table 6A in
the online appendix.

Alternative outcomes Table 8 considers alternative outcomes. Column (1) reports a signifi-
cant negative relationship between years of agriculture and women’s labor force participation
relative to that of men in the year 2000, ruling out that our results thus far are explained by
variation in the general economic activity level. In columns (2) and (3), the outcome variable
is the female labor force participation rate in 1980 and the 1960s, respectively. The estimated
coefficients are similar to the baseline finding, which also provides evidence for persistent
gender roles. The remaining columns of Table 8 look at alternative measures of the equality
of gender roles. In column (4), we find a negative association between the number of years
(in 2000) since the date of the extension of the franchise to women and years of agriculture,
implying that on average, countries with long histories of agriculture granted women political
rights later on. Column (5) shows that contemporary female political representation likewise
is lower for countries with an early Neolithic Revolution. Column (6) documents that for
countries with longer histories of agriculture, survival rates for boys are relatively higher

44 See online appendix for a list of these countries.

45 These countries are defined from the value zero in the variable traditional plough use from Alesina et al.
(2013).

46 Boserup (1970, Chap. 1) shows that women’s participation in the agricultural workforce is substantially
higher in Africa compared to Asia. Even so, there is variation within Asia, where some parts of, for example,
China have quite high participation rates of women in agriculture, but still lower than what is observed in
Africa. Boserup attributes this to the use of intensive agriculture with irrigation.
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than the for girls as reflected by the sex ratio at birth in 2000.47 In the final three columns, we
use the fraction of female legislators and manageres, the female-male schooling ratio in 2000
(Barro and Lee 2013), as well as a ’gender equality’ index, measuresing the extent to which
a country has installed institutions promoting equal access for men and women in education,
health, and the economy. We find that these three outcomes are negatively related to years
of agriculture, although the estimated coefficient is only statistically significant at the 15 %
level when using the gender inequality index as outcome.

Finally, the online appendix documents three further important conclusions. First, very
similar results are obtained if the outcome (i.e., the female labor force participation rate) in
Tables 4, 5, 6, and 7 is replaced with the female labor force participation rate relative to the
male labor force participation rate (see Tables 1A—4A). Second, using individual data from
the World Value Survey, as in Table V in Alesina et al. (2013), we find that in countries with
long histories of agriculture, women are less likely to participate in the labor market, and that
the views that men have more right to jobs (when these are scarce) and that men are better
political leaders are more likely (see Table 14A). Finally, the SCCS reveals that ethnic groups
within countries with longer agricultural histories have lower contributions from women to
agriculture, stronger preference for boys as well as lower overall contribution to subsistence
from women once agriculture accounts for more than 10 % of the food supply (See Table
17A).

6 Interpretation of the results

The following subsections provide additional analyses that help narrowing the interpretation.
First, the next two subsections address the concern that formal institutions drive results.
Section 6.1 demonstrates that the results are robust to country fixed effects in a sample of
European regions. Section 6.2 studies the hypothesis in samples of immigrants and children
of immigrants living in the US for the periods: 1850-1880, 1900-1930, and 1950-1970. Then
in Sect. 6.3, we return to the role of crop types for gender roles discussed earlier. Finally,
we discuss whether our results can be attributed to an influence from the Fertile Crescent in
Sect. 6.4.

6.1 European regional analysis

A concern regarding our cross-country investigations is the extent to which unobserved
country-specific characteristics matter for our results. Based on previous work (e.g., Putter-
man 2008), we have in mind the part that has to do with national formal institutions. Our
first approach in addressing this issue is to utilize the within-country variation in years of
agriculture, which is mainly available for European countries (Pinhasi et al. 2005).*8 In par-
ticular, this allows us to remove any country-specific effects that are potentially both related
to years of agriculture and gender roles. We depict the data for years of agriculture across
European regions in Fig. 2. The map shows that there is pronounced regional variation within,

47 Combining variation in suitability for growing tea and orchard cultivation across China with two post-Mao
reforms that increased the value of planting tea and orchards relative to staple crops, Qian (2008) demonstrates
that there is a positive, causal effect of women’s income on the survival rates of girls. This is consistent with
the mechanisms that we study.

48 It should be noted that the original dataset also includes Middle Eastern countries. However, regional data
on female labor market participation are not available for these countries.

@ Springer



J Econ Growth (2015) 20:365-404 393
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Fig. 2 Years of agriculture across European NUTS 2 regions. Notes Data source: Pinhasi et al. (2005), who
provide carbon dates from various Neolithic sites in Europe. From this, we obtain average transition dates of
each NUTS 2 region in ArcGIS

for example, France, Germany, and Italy, whereas in smaller countries such as Denmark and
Ireland the variation is much smaller.

Table 9 shows that years of agriculture continues to play a significant role in explaining
female labor participation even controlling for country-specific effects. Column (1) shows
the unconditional estimate, with a magnitude that is actually larger than the previous cross-
country estimates. It is also worthwhile to mention that the model which only includes years
of agriculture produces an R? of 0.65, so years of agriculture explains a substantial fraction of
the variation in female labor force participation. In column (2) we see that including country
fixed effects reduces the absolute value of the coefficient. Nonetheless, the coefficient on
years of agriculture is still negative and statistically significant. Further, column (3) reveals
that this association cannot be attributed to regional variation in income.

The remaining three columns add potential geographical confounders. In order to capture a
range of regional geographical characteristics—such as climatic conditions—distance to the
Equator is put into the model. In line with the research of Alesina et al. (2013), and because
there are no data on European regional variation in historical plough-use, we also include
the fraction of land that is suitable and not suitable for plough-use. Becker and Woessmann
(2009) argue that distance to Wittenberg—the place of origin of Protestantism—influences
the regional prevalence of Protestantism. Accordingly, we use this as a reduced-form variable
to capture the influence of Protestantism on gender roles. Adding these variables, however,
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Table 9 European regional NUTS 2 sample

Dependent variable is female labor force participation rate in 2008

)] (@) 3 “ (©) ©)
Years of agriculture —9.317#%%  —5365%*% —3.93]*¥* _337I¥¥* _3(78*** —2.867***
(unadjusted) (1.283) (2.528) (0.703) (0.661) (0.424) (0.494)
In income/capita in 2008 0.261 6.671 14.84 —3.895
(28.61) (23.75) (22.42) (21.11)
In income/capita in 2008 0.608 0.280 —0.150 0.733
squared (1.560) (1.271) (1.195) (1.097)
Distance to the Equator 0.00225 0.00170 —0.000124
(0.00272)  (0.00222)  (0.00195)
Plough-suitable share 2.822% 1.310
(positive) (1.508) (1.683)
Plough-suitable share 8.315 7.676
(negative) (6.014) (6.394)
Distance to Wittenberg —0.00553*
(0.00301)
Country fixed effects No Yes Yes Yes Yes Yes
# of regions 174 174 169 169 169 169
R? 0.65 0.87 0.92 0.92 0.92 0.93

The table reports OLS estimates. Unit of observation is European NUTS 2 regions. Years of agriculture is time
elapsed in 1500 since the Neolithic Revolution in 1000 years (Pinhasi et al. 2005). Distance to the Equator is
in kms (own calculations). Plough-suitable share are defined as in Alesina et al. (2013) and taken from FAO
GAEZ 2002. Distance to Wittenberg is in kms (own calculations). Constants are not reported. Robust standard
errors corrected for clustering at the country level in the parentheses.

***p < 0.01, % p <0.05 *p < 0.1

only has a negligible effect on the estimated coefficients on years of agriculture; see columns
(4)—(6). It is also worthy of note that the coefficient on distance to Wittenberg is negatively
related to female labor force participation, which is line with cross-country findings of, for
example, Feldmann (2007).

Overall, these results support the view that our basic result is in line with a cultural
interpretation. Unsurprisingly, we also find that a substantial part of the variation in the
female labor participation rate is explained by country-specific characteristics.* Finally, we
note that the estimates in columns (3)—(6) are in the same order of magnitude as the European
sub-sample in the cross-country analysis and that we obtain similar results when we use the
relative measure of female labor force participation; see Table 5A in the online appendix.

6.2 Evidence from immigrants and children of immigrants living in the US

This section reports results from studying immigrants and children of immigrants living in
the US. In particular, studying the basic mechanism among children of immigrants living in
the US provides a second approach in separating the influence of culture from that of formal
institutions as children of immigrants are affected by the same external environment (e.g.,
formal institutions), but their internal environment (e.g., cultural heritage) varies in relation

49 This is demonstrated by the fact that R? increases from 0.65 to 0.87 by the inclusion of country dummies.
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to their country of origin. In addition, by comparing these results to immigrants of the first
generation possibly reveals information about how persistent the effect is. We implement
these tests using data from US censuses for the periods 1850-1880, 1900-1930 and 1950—
1970 (Ruggles et al. 2010). We repeat for convenience that ancestry is given by the father’s
country of origin.

The results are reported in Table 10. Since the outcome is a binary variable, the coefficients
on years of agriculture should be interpreted as a marginal effect on the probability that
a woman participates in the labor force.’? Columns (1)—(4) report the results for (first-
generation) immigrants in the US. Besides ancestor controls, US-census year and state fixed
effects, columns (1) and (2) also control for the individual characteristics: age, age squared,
and literacy. From column (1), we see that for the period 1850-1880, a female immigrant
born in society with 1000 more years of agriculture is 2.9 % points less likely to participate
in the official labor market. The size of this effect increases if the sample is restricted to
European immigrants (see column 2).

Columns (3) and (4) exploit the fact that for the period 1900-1930 the US census provides
individual information on the number of years the immigrant has been living in the US.
The evidence reveals that female labor force participation is decreasing in the number of
agricultural years in the home country to an extent that is not related to the number of years
lived in US, suggesting that the effect does not diminish over time. In addition, comparing
the results in columns (1)—(4) to the evidence from the children of immigrants, reported in
columns (5)—(8), indicates that the effect transfers across generations unabated.

We note that the results from restricting the samples only to include immigrants with
European ancestry, reported in the even-numbered columns, suggests that our findings in
Table 10 are mainly driven by immigrants (or children of immigrants) from Europe. Finally,
we emphasize that the evidence, reported in this section, supports the view that a cultural
effect was also present from more than 150 years ago.

6.3 Cereal based agriculture and early Neolithic Revolutions

In this subsection, we provide evidence consistent with the hypothesis that adoption of cereal-
based agriculture is one of the factors behind gender inequality. We provide three types of
evidence. First, we follow White et al. (1981) and use the Standard Cross Cultural Sample
(SCCS) to test whether societies whose principal crops are cereals have lower contribution
from women compared to societies whose principal crops are root crops. White et al. (1981)
focused on a small sample of 36 cultures, but this can be expanded to 128 societies that either
have cereals or root crops as their principal crops. Table 11 shows the results of regressing
Female contribution to agriculture measured in percent on a dummy which is equal to one
when a society has cereals as its principal crops and zero when the principal crops are root
crops. Column (1) shows a negative and statistically significant coefficient. We include a
control for whether a society has the plough in column (2), and while we notice that the
coefficient on the dummy indicating cereal crops is marginally reduced, the sign of the
coefficient is still negative, and it continues to be statistically significant. In columns (3) and
(4), we run tobit models to take into account that the contribution of females is bounded
between zero and 100, and find similar results. To ensure that the results are not driven by the
choice of using the SCCS, we use a more crude variable on contributions of men and women
in agriculture from the Ethnographic Atlas, and find that the probability of men contributing
more is higher in societies whose principal crops are cereals, see columns (5) and (6). The

50 Similar results are obtained using non-linear probability models instead (not reported).
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Table 11 Evidence from the SCCS and Ethnographic Atlas

Dependent variable

@ (@) 3 “ (&) (O) ()
Female contribution to agriculture Male dominant in agriculture Deference
OLS Tobit OLS Logit OLS
Cereal —13.43%%% —11.38%*%* —]3.79%** —11.61%* 0.134%** (0.66]%** 0.246%*
principal crop
(4.429) (4.339) (4.593) (4.499)  (0.037) (0.197) (0.136)
No plough 14.16% % 14.80%**
(4.332) (4.545)
# of ethnic 128 128 128 128 647 647 71
groups
R? 0.066 0.143 0.018 0.05

Columns (1), (2), (5)and (7) [(3) and (4)] report OLS (Tobit) estimates. Column (6) reports Logit estimates. Data
for columns (1)—(4) and (7) are from the Standard Cross Cultural Sample. Female contribution to agriculture
is measured between 0 and 100. Columns (5) and (6) use data from the Ethnographic Atlas. Male dominant in
agriculture is a dummy variable equal to 1 if men do most of the work in agriculture. Deference is a equal to 1 if
a wife’s deference to her husband is institutionalized. Cereal principal crop is equal to one when the principal
crop is cereals (rather than root crops). No plough indicates whether a society uses the plough. Constants are
not reported. Robust standard errors in the parentheses.

##%p < 0.01, ** p < 0.05, *p < 0.1

results in Table 1 and those discussed in Sect. 2.3.2 further corroborate that gender inequality
is lower in these societies. Finally, we show in column (7) that the probability of “Wife to
Husband Institutionalized Deference” is more likely in societies based on cereals.

Second, we posit that soil suitability for growing root and cereal crops explains the timing
of the Neolithic Revolution. As detailed in Putterman and Trainor (2006), early agriculture
was based on cereal crops in most places, and it is therefore plausible that those places
which adopted early agriculture were those that had better conditions for doing so. This
would suggest that areas with soil more suitable for growing roots would have later Neolithic
Revolutions, and those with soil suitable for growing cereal crops would tend to have earlier
Neolithic Revolutions. If this is indeed the case, the adoption of early agriculture would tend
to be cereal-based, and given the results for the SCCS, the arguments outlined in Sect. 2, and
our third piece of evidence presented here (see below), this would lead to adoption of a type
of agriculture that tends to produce patriarchy. To test this, we regress years of agriculture
on measures of soil suitability for growing root crops and cereals using data from the Food
and Agriculture Organization (FAO).>! The results are shown in Table 12. Column (1) shows
that the timing of the Neolithic Revolution is significantly and negatively affected by relative
root crops suitability (i.e., root crops suitability relative to cereals suitability). Thus, countries
which had relatively better soil for cereal production had earlier transitions, even if both types
of crops could be grown. In column (2), we see that this relationship is unaffected by the
inclusion of continent dummies and the baseline geographical controls. Columns (3) and (4)
demonstrate that the same conclusion is obtained adding the suitability measures separately.

51 The cereals included in this measure are wheat, rice, maize, barley, sorghum, pearl and foxtail millet, and
rye. FAO classify soil suitability into the following categories very low, low, medium low, medium, medium
high, high and very high. The good soil suitability measure uses soil with medium high suitability or higher.
The root crops included are cassava (also known as manioc root), white yam, greater yam, yellow yam, taro,
and sweet potatoes. The measure also includes white potatoes which belong to the tuber category.
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Table 12 Neolithic Revolution, cereals and root croops

Dependent variable is years of agriculture

(1 2) 3) )
Roots suitability / Cereal suitability —3.079%** —2.193%%%*
(0.443) (0.347)
Roots suitability —0.134%*%* —0.0832%%*%*
(0.025) (0.0139)
Cereal suitability 0.104%%%* 0.0593%#%%*
(0.021) (0.0169)
Tropical climate 1.186%** 1.168%**
(0.293) (0.340)
Arable land 0.00887 0.00246
(0.00840) (0.0114)
Ln distance to coast or river 0.247#%% 0.268%**
(0.085) (0.110)
Landlocked —0.564%** —0.636%*
(0.221) (0.252)
Continent fixed effects No Yes No Yes
# of countries 153 153 153 153
R? 0.219 0.764 0.133 0.722

The table reports OLS estimates. Years of agriculture is time elapsed in 1500 since the Neolithic Revolution
in 1000 years (Putterman and Trainor 2006). Roots suitability indicates average soil suitability for growing
roots. Cereal suitability indicates average soil suitability for growing cereals. Constants are not reported.
Robust standard errors in the parentheses.

#%kp < 0.01, ** p < 0.05, *p < 0.1

In particular, the coefficient on average soil suitability for growing roots is negative and
statistically significant, whereas the corresponding coefficient for the cereal crops is positive
and statistically significant.

Third, Exploiting the Demographic Health Survey (DHS) data, Table 13 reveals that
regions in Africa that are relatively more suitable for growing roots crops have a higher
percentage of women that have been working the last year (between the ages 15 and 49).
Because the suitability for growing root and cereal crops vary at the regional level, we can
show, in the even-numbered columns, that this finding is robust to the inclusion of country
fixed effects.>”

6.4 Fertile crescent influence

This subsection discusses the possible interpretation that our result is basically explained by
the spread of agriculture from the Fertile Crescent, that is, gender inequality might only be
related systematically to the agricultural package which came from the Fertile Crescent and
not agriculture in general. While the effect of Fertile Crescent agriculture on gender inequality
is a part of the hypothesis that we are testing, this interpretation narrows the external validity

52 Table 11A in the online appendix documents evidence showing that relative root crops suitability is positive
related to female labor force participation in 2000 in the cross-country sample as well.
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Table 13 Gender roles and cereals and root crops in regions of Africa

Dependent variable is percentage of women that
have been working the last year (ages 15-49)

(€] ()] (3) “

Roots suitability / cereal suitability 9.301%#%* 4.619%*
(3.018) (1.710)
Roots suitability 0.369%#* 0.234%#%*
(0.100) (0.085)
Cereal suitability —0.152 —0.223*
(0.130) (0.114)
Country fixed effects No Yes No Yes
# of regions 300 300 300 300
R? 0.558 0.756 0.557 0.753

The table reports OLS estimates. The units of observation are Demographic Health Survey regions within Africa
for the survey years: 1994-2013 (all the specifications include survey-year fixed effects). Roots suitability
indicates average soil suitability for growing roots. Cereal suitability indicates average soil suitability for
growing cereals. Robust standard errors in the parentheses.

¥k p < 0.01, ** p < 0.05, *p < 0.1

of our conclusion. Even though Table 7 shows that our finding is not driven by, for example,
Middle Eastern countries and that a negative correlation is recovered continent by continent,
these extensions do not as such reveal how much of our result is explained by Fertile-Crescent
agriculture.

We begin by addressing this in Table 7A in the online appendix which shows the results of
adding two additional controls and considering additional sub-samples. In particular, it shows
that our main estimate is robust to the inclusion of controls for the percentage of population of
European descent (i.e., to account for European influence) and physical distance to the Fertile
Crescent. We also obtain a similar conclusion restricting the samples to countries south of the
Sahara or south of the Sudanic belt. Moreover, we add a sample which includes the Americas,
East Asia, and African countries south of the Sudanic belt. To further minimize the impact of
outside influence, we use unadjusted years of agriculture (however, results are similar using
adjusted years of agriculture). While the negative coefficient is not significant at conventional
levels, this result is strongly driven by the inclusion of China. As we discussed above, Hinsch
(2003) argued that pre-historic China was quite gender unequal. In support of this, Bauer et
al. (1992, p. 333) state that “traditional, primarily Confucian attitudes and norms supported
and reflected a strong hierarchy [...] in this system, women were subordinate to men.” They
also stress that the communist party viewed entry of women into the labor force as the way
to liberate women, and note that evidence suggests that prior to 1949 female labor force
participation was very low. Since 1949 women’s labor force participation has risen markedly
starting already in the 1950s (Bauer et al. 1992:p. 350). Thus, China may very well be an
outlier driven by the big shock of communism. Once we remove China, we obtain a negative
and statistically significant coefficient of a magnitude similar to the one in our other samples.
Thus, these results tend to support the conclusion that the negative relationship between years
of agriculture and gender equality is not an effect of Fertile-Crescent agriculture. We also
note that neither the share of population of European descent nor the distance to the Fertile
Crescent are significant themselves.
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We also checked whether the result in the European regional sample is driven by the
exclusion of distance to Fertile Crescent, as one additional concern related to the Fertile
Crescent would be that our results mainly reveal an influence on those countries close to
this area. Table 8A in the online appendix reveals that this is not the case. We note that the
coefficient on years of agriculture is smaller in the parsimonious specifications (1) and (2),
but once we add controls the coefficients are very similar to the those reported in Table 9. The
coefficient on distance to the Fertile Crescent is positive and significant in the parsimonious
specifications only. Thus, in the European case there is some support for the view that gender
roles are driven by influence of the Fertile Crescent on its closest neighbors. Finally, it can
be noted that our finding from the European regional sample is not driven by the regions in
Spain, Greece, Italy, Turkey, Croatia, Romania, and Bulgaria (i.e., regions closest to the Fertile
Crescent); see Table 9A in the online appendix. This table also reveals that the coefficient
on distance to the Fertile Crescent is no longer statistical significant at conventional levels,
and actually becomes negative once we control for country-fixed effects. This suggests that
Southern Europe was culturally influenced by the Fertile Crescent in other ways than through
agriculture, but this does not explain the effect of the Neolithic Revolution.

7 Conclusion

This research studies the hypothesis that years of agriculture has a persistent negative impact
on the position of women in society. In short, this is motivated by two coherent assertions.
First, we build on the the assertion of Diamond (1987), Iversen and Rosenbluth (2010),
Lerner (1986) and others that patriarchy has its origin in the Neolithic Revolution. Second,
the patriarchal values and beliefs—with strong origins in agriculture—have become stronger
over time. Hence, these values and beliefs are more persistent in countries with long histories
of agriculture. In sum, we provide evidence that the time since societies relied on hunting
and gathering, or alternatively the time since they moved to cereal agriculture, is associated
with less female labor force participation.

We believe that several features of this study makes it interesting. First, the cross-country
analysis demonstrates a remarkably robust negative relationship between female labor par-
ticipation and years of agriculture. The material presented in Sect. 2 suggests that this is
not only due to an effect of the plough, as also confirmed by our many robustness checks
presented in Sect. 5. Further, we can plausibly link this to a move to cereal agriculture which
has been argued to lead to less female contribution to agriculture, and we substantiated this
in Sect. 6. Second, we show similar relations for alternative indicators of equality of gender
roles. Third, we show that our basic results cannot solely be attributed to country-specific
effects which include formal national institutions utilizing within-country variation in the
European regional data and the sample of children of immigrants living in the US. Finally,
we demonstrate that the results hold for European, African, and Asian countries, European
regions and children of immigrants living in the US.

In the course of the analysis, the paper generated two additional findings. First, we find
evidence that both historical plough-use and years of agriculture matter. Second, we also
establish that the number of growing days explain gender roles in a manner consistent with
Burton and White (1984).

Ideally, we would want to compare different types of agriculture, such as shifting agricul-
tural societies with hunter-gatherer societies. Unfortunately, this is not possible with our data.
We do, however, find that societies with cereal based agriculture have lower contribution from
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women compared to societies with agriculture based on root crops, and we also demonstrate
that an early Neolithic Revolution is related to the former type of agriculture. Moreover,
some circumstantial evidence (see Table 1 in White et al. 1981) suggests that societies based
on shifting-agriculture relies much more on cereals and less on roots than horticulture which
some authors (e.g. Lancaster 1976) note often also relies on hunting and gathering. If so, this
is suggestive of the possibility that shifting agriculture may well be more gender unequal
than hunter-gatherer societies. Yet, comparing hunting-gatherer societies more systematically
with different types of agricultural societies is an important challenge for future research.

Acknowledgments We would like to thank the Editor-in-Chief Oded Galor, five anonymous referees, Patri-
cia Draper, Paola Giuliano, Jens Iversen, Lars Lgnstrup, Paul Sharp, Battista Servergnini, Rupert Stasch, MEHR
seminar participants (University of Copenhagen), and seminar participants at the Danish Public Choice work-
shop 2013 (Aarhus University) for useful comments and helpful suggestions. We would also like to thank
Alberto Alesina, Paola Giuliano, and Nathan Nunn for kindly sharing their data.

References

Acemoglu, D., Johnson, S., & Robinson, J. (2002). Reversal of fortune: Geography and institutions in the
making of the modern world income distribution. The Quarterly Journal of Economics, 117(4), 1231—
1294.

Alesina, A., Devleeschauwer, A., Easterly, W., Kurlat, S., & Wacziarg, R. (2003). Fractionalization. Journal
of Economic Growth, 8(2), 155-194.

Alesina, A., Giuliano, P., & Nunn, N. (2013). On the origins of gender roles: Women and the plough. Quarterly
Journal of Economics, 128(2), 469-530.

Alvarez, H. P. (2004). Residence groups among hunter-gatherers: a view of the claims and evidene for patrilocal
bands. In B. Chapais & C. Berman (Eds.), Kinship behavior in primates (pp. 420-442). New York: Oxford
University Press.

Altonji, J. G., Elder, T. E., & Taber, C. R. (2005). Selection on observed and unobserved variables: Assessing
the effectiveness of catholic schools. Journal of Political Economy, 113(1), 151-184.

Ames, K., & Maschner, H. G. (1999). Peoples of the northwest coast their archaeology and prehistory. London:
Thames and Hudson.

Andersen, S. (2007). The economics of dowry and brideprice. Journal of Economic Perspectives, 21(4), 151—
174.

Ashraf, Q., & Galor, O. (2011). Dynamics and stagnation in the malthusian epoch. American Economic Review,
101(5), 2003-2041.

Barro, R., & Lee, J. W. (2013). A new data set of educational attainment in the world, 1950-2010. Journal of
Development Economics, 103(2013), 184-198.

Bauer, J., Feng, W., Riley, N. E., & Xiaohua, Z. (1992). Gender inequality in urban China: Education and
employment. Modern China, 8(3), 333-370.

Bauman, H. (1928). The division of labor according to sex in African hoe agriculture. Journal of the Interna-
tional Institute of African Languages and Cultures, 1, 289-329.

Becker, S. O., & Woessmann, L. (2009). Was weber wrong? A human capital theory of protestant economic
history. Quarterly Journal of Economics, 124, 531-596.

Bellwood, P. (2005). First farmers: The origins of agricultural societies. Oxford: Blackwell Publishers.

Bentley, R. A., Bickle, P., Fibiger, L., Nowell, G. M., Dale, C. W., & Hedges, R. E. M. (2012). Community
differentiation and kinship among Europe’s first farmers. PNAS, 109(24), 9326-9330.

Bleaney, M., & Dimico, A. (2011). Biogeographical conditions, the transition to agriculture and long run
growth. European Economic Review, 55, 943-954.

Bray, F. (1984). Biology and biological technology: Part II: Agriculture. In J. Needham (Ed.), Science and
civilization in China (Vol. 6). Cambridge: Cambridge University Press.

Boserup, E. (1970). Woman's role in economic development. London: George Allen and Unwin Ltd.

Briffault, R. (1927). The mothers (Vol. 1). London: George Allen & Unwin Ltd.

Burchell, M. (2006). Gender, grave goods and status in British Columbia burials. Canadian Journal of Archae-
ology, 30,251-271.

Burton, M. L., & White, D. R. (1984). Sexual division of labor in agriculture. American Anthropologist, 86(3),
558-583.

@ Springer



402 J Econ Growth (2015) 20:365-404

Comin, D., Easterly, W., & Gong, W. (2010). Was the wealth of nations determined in 1000 BC? American
Economic Journal: Macroeconomics, 2, 65-97.

Diamond, J. (1987). The worst mistake in the history of the human race. Worthington: Discover.

Diamond, J. (1997). Guns, germs, and steel. New York: W.W. Norton.

Doepke, M., & Tertilt, M. (2009). Women'’s liberation: What’s in it for men? Quarterly Journal of Economics,
124(4), 1541-1591.

Doepke, M., & Tertilt, M. (2011). Does female empowerment promote economic development? CEPR dis-
cussion paper no. DP8441.

Draper, P. (1975). !Kung women: Contrasts in sexual egalitarianism in foraging and sedentary contexts. In R.
R. Reiter (Ed.), Toward and anthropology of women. New York: Monthly Review Press.

Dyble, M., Salali, G. D., Chaudhary, N., Page, A., Smith, D., Thompson, J., et al. (2015). Sex equality can
explain the unique social structure of hunter-gatherer bands. Science, 348(6236), 796-798.

Ember, C. (1975). Residential variation among hunter-gatherers. Behavioral Science Research, 36, 179-220.

Ember, C. (1978). Myths about hunter-gatherers. Ethnology, 17, 439-448.

Ember, C. (1983). The relative decline in women’s contribution to agriculture with intensification. American
Anthropologist, 85, 285-304.

Feldmann, H. (2007). Protestantism, labor force participation, and employment across countries. American
Journal of Economics and Sociology, 66(4), 795-816.

Fernandez, R. (2007). Women, work and culture. Journal of the European Economic Association, 5(2-3),
305-332.

Fernandez, R., & Fogli, A. (2009). Culture: An empirical investigation of beliefs, work, and fertility. American
Economic Journal: Macroeconomics, 1(1), 146-177.

Ferraro, G. P,, & Andreatta, S. (2010). Cultural anthropology: an applied approach. Belmont: Wadsworth
Publishers.

Friedl, E. (1975). Women and men: An anthropologist’s view. New York: Holt, Rinehart and Winston.

Fussel, G. E. (1966). Ploughs and Ploughing before 1800. Agricultural History, 40(3), 177-186.

Galor, O. (2011). Unified growth theory. Princeton: Princeton University Press.

Galor, O., & Weil, D. N. (1996). The gender gap. Fertility, and Growth, American Economic Review, 86(3),
374-387.

Gkiasta, M., Russell, T., Shennan, S., & Steele, J. (2003). Neolithic transition in Europe: The radiocarbon
record revisited. Antiquity, 77(295), 45-62.

Goldin, C. (1995). The U-shaped female labor force function in economic development and economic history.
In T. P. Schultz (Ed.), Investment in women’s human capital (pp. 61-90). Chicago: University of Chicago
Press.

Gould, R. A. (1977). Discovering the Australian desert culture. Pacific Discovery, 30, 1-11.

Guyer, J. (1991). Female farming in anthropology and African History. In M. diLeonardo (Ed.), Gender at the
crossroads of knowledge. Berkely: University of California Press.

Hall, R. E., & Jones, C. L. (1999). Why do some countries produce so much more output per worker than
others? Quarterly Journal of Economics, 114(1), 83-116.

Hariri, J. (2012). The autocratic legacy of early statehood. American Political Science Review, 106(3),471-794.

Hinsch, B. (2003). The origins of separation of the sexes in China. Journal of the American Oriental Society,
123, 595-616.

Hunn, E. (2000). On the relative contribution of mean women to subsistence among the hunter-gatherers of the
Colombia Plateau. In P. Minnis (Ed.), Ethnobotany: A reader. Norman: University of Oklahoma Press.

Iversen, T., & Rosenbluth, F. (2010). The political economy of gender inequality. New Haven: Yale University
Press.

Kaplan, H., Hill, K., Lancaster, J., & Hurtado, A. M. (2000). A theory of human life history evolution: Diet,
intelligence, and longevity. Evolutionary Anthropology Issues News and Reviews, 9, 156—185.

Kent, S. (1995). Does sedentarization promote gender inequality? A case study from the Kalahari. The Journal
of the Royal Anthropological Institute, 1, 513-536.

Klasen, S. (2002). Low schooling for girls, slower growth for all? Cross-country evidence on the effect of
gender inequality in education on economic development. World Bank Economic Review, 16(3),345-373.

Klein, L. F. (1995). Mother as clanswoman. Rank and gender in Tlingit society. In L. F. Klein & L. A. Ackerman
(Eds.), Women and power in native north America. Norman: University of Oklahoma Press.

Korotayev, A. (2003). Division of labor by gender and postmarital residence in cross-cultural perspective: A
reconsideration. Cross Cultural Research, 37, 335-372.

Kuhn, S. L., & Stiner, M. C. (2006). What’s a mother to do? The division of labor among neandertals and
modern humans in Eurasia. Current Anthropology, 47, 953-981.

Lai, R. (2007). Evolution of the plough over 10,000 years and the rationale for no-till farming. Soil and Tillage,
93, 1-12.

@ Springer



J Econ Growth (2015) 20:365-404 403

Lancaster, C. S. (1976). Women, horticulture, and society in sub-Saharan Africa. American Anthropologist,
New Series, 78(3), 539-564.

LaPorta, R., Lopez-de-Silanes, F., & Shleifer, A. (2008). The economic consequences of legal origins. Journal
of Economic Literature, 46(2), 285-332.

Lee, R. B. (1968). What hunters do for a living, or, how to make out on scarce resources. In R. B. Lee & 1.
Devore (Eds.), Man the hunter. Chicago: Aldine Publishing Company.

Lerner, G. (1986). The creation of patriarchy. New York: Oxford University Press.

Machlachlan, M. D. (1983). Why they did not starve: Biocultural adaption in a south indian village. Philadel-
phia: Institute for the Study of Human Issues Press.

Marlowe, F. W. (2005). Hunter-gatherers and human evolution. Evolutionary Anthropology, 14, 54-67.

Milanovic, B., Lindert, P. H., & Williamson, J. (2010). Pre-industrial inequality. Economic Journal, 121,
255-272.

Miller, G. (2008). Women'’s suffrage, political responsiveness and child survival in American history. Quarterly
Journal of Economics, 124(3), 1287-1327.

Nunn, N., & Wantchekon, L. (2011). The slave trade and the origins of mistrust in Africa. American Economic
Review, 101, 3221-3252.

Olsson, O., & Hibbs, D. (2005). Biogeography and long-run economic development. European Economic
Review, 49, 909-938.

Olsson, O., & Paik, C. (2012). A western reversal since the neolithic ? The long-run impact of early agriculture.
Mimeo.

Patterson, N. (1994). Cattle, lords and clansmen. The social structure of early Ireland. Notre Dame: University
of Notre Dame Press.

Peacock, N. (1991). Rethinking the sexual division of labor: Reproductiion and women’s work among the
Efe. In Micaela Di Leonardo (Ed.), Gender at the crossroads of knowledge. Berkely, CA: University of
California Press.

Peterson, J. (2002). Sexual revolutions: Gender and labor at the dawn of agriculture. Walnut Creek: Altamira
Press.

Petersen, M. B., & Skaaning, S. E. (2010). Ultimate causes of state formation: The significance of biogeography,
diffusion, and neolithic revolutions. Historical Social Research, 35(3), 200-226.

Pinhasi, R., Fort, J., & Ammerman, A. (2005). Tracing the origin and spread of agriculture in Europe. PLoS
Biology, 3(12), 2220-2228.

Putterman, L. (2007). State antiquity index (Version 3).http://www.econ.brown.edu/fac/louis_putterman/
antiquity %20index.htm.

Putterman, L. (2008). Agriculture, diffusion, and development: Ripple effects of the neolithic revolution.
Economica, 75(300), 729-748.

Putterman, L., & Trainor, C. A. (2006). Agricultural transition year country data set. Providence: Brown
University.

Putterman, L., & Weil, D. N. (2010). Post-1500 population flows and the long-run determinants of economic
growth and inequality. Quarterly Journal of Economics, 125(4), 1627-1682.

Qian, N. (2008). Missing women and the price of tea in China: The effect of sex-specific earnings on sex
imbalance. Quarterly Journal of Economics, 123(3), 1251-1285.

Reher, D. S. (2004). The demographic transition revisited as a global process. Population Space and Place,
10(1), 19-41.

Ross, M. (2009). Oil, islam, and women. American Political Science Review, 102(2), 1-18.

Ruggles, D., Alexander, J. T., Genadek, K., Goeken, R., Schroeder, M. B., & Sobek, M. (2010). Integrated
public use microdata series: Version 5.0 [machine-readable database ]. Minneapolis: University of Min-
nesota.

Schrire, C., & Steiger, W. L. (1974). A matter of life and death: An investigation into the practice of female
infanticide in the arctic. Man, New Series, 9(2), 161-184.

Schvaneveldt, P. L., Kerpelman, J. L., & Schvaneveldt, J. (2005). Generational and cultural changes in family
life in the United Arab Emirates: A comparison of mothers and daughters. Journal of Comparative Family
Studies, 36(1), 77-91.

Skoglund, P. H., Malmstrom, M., Raghaan, J., Stord, P., Hall, E., Willerslev, M. P. T,, et al. (2012). Origins
and genetic legacy of neolithic farmers and hunter-gatherers in Europe. Science, 366, 466—469.

Spatial Data Repository, The Demographic and Health Surveys Program. ICF International. Available from
http://www.spatialdata.dhsprogram.com. Retrieved November 26, 2014.

Tabellini, G. (2010). Culture and institutions: Economic development in the regions of Europe. Journal of the
European Economic Association, 8(4), 677-716.

Talhelm, T., Zhang, X., Oishi, S., Shimin, C., Duan, D., Lan, X., et al. (2014). Large-scale psychological
differences within China explained by rice versus wheat agriculture. Science, 344, 603—607.

@ Springer


http://www.econ.brown.edu/fac/louis_putterman/antiquity%20index.htm
http://www.econ.brown.edu/fac/louis_putterman/antiquity%20index.htm
http://www.spatialdata.dhsprogram.com

404 J Econ Growth (2015) 20:365-404

Tam, H. (2010). U-shaped female labor participation with economic development: Some panel data evidence.
Economics Letters, 110, 140-142.

Tanaka, J. (1976). Subsistence ecology of central kalahari San. In R. B. Leem & 1. Devore (Eds.), Kalahari
hunter-gatherers. Cambridge: Harvard University Press.
United Nations. (2011). Accelerating progress towards the millennium development goals: Options for sus-

tained and inclusive growth and issues for advancing the United Nations Development Agenda beyond
2015. Annual report of secretary-general, July, 2011.

White, D. R., Burton, M. L., & Dow, M. C. (1981). Sexual division of labor in African agriculture. A Network
Autocorrelation Analysis. American Anthropolgist, 83, 824—849.

Wood, W., & Eagly, A. C. (2002). A cross-cultural analysis of the behavior of women and men: Implications
for the origins of sex differences. Psychological Bulletin, 128, 699-727.

@ Springer



	Modern gender roles and agricultural history: the Neolithic inheritance
	Abstract
	1 Introduction
	2 Gender equality and the move to agriculture
	2.1 Contributions to subsistence
	2.2 Evidence from indicators of gender equality
	2.3 Gender inequality with little or no plough-use
	2.3.1 Case study of the !Kung
	2.3.2 Cereal-based agriculture and gender equality

	2.4 The duration effect
	2.5 Summing up

	3 Data and descriptive statistics
	4 Estimation framework
	5 Results
	5.1 Main results
	5.2 Robustness

	6 Interpretation of the results
	6.1 European regional analysis
	6.2 Evidence from immigrants and children of immigrants living in the US
	6.3 Cereal based agriculture and early Neolithic Revolutions
	6.4 Fertile crescent influence

	7 Conclusion
	Acknowledgments
	References




