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The Agricultural Origins of Time Preference

By ODED GALOR AND OMER OzAK*

This research explores the origins of observed differences in time
preference across countries and regions. Exploiting a natural
experiment associated with the expansion of suitable crops for
cultivation in the course of the Columbian Exchange, the research
establishes that pre-industrial agro-climatic characteristics which
were conducive to higher return to agricultural investment triggered
selection, adaptation, and learning processes that generated a
persistent positive effect on the prevalence of long-term orientation
in the contemporary era. Furthermore, the research establishes that
these agro-climatic characteristics have had a culturally embodied
impact on economic behavior such as technological adoption,
education, saving, and smoking. (JEL D72, G21, G28)

The rate of time preference has been largely viewed as a pivotal factor in the
determination of human behavior. The ability to delay gratification has been associ-
ated with a variety of virtuous outcomes, ranging from academic accomplishments
to physical and emotional health.! Moreover, in light of the importance of long-term
orientation for human and physical capital formation, technological advancement,
and economic growth, time preference has been widely considered as a fundamental
element in the formation of the wealth of nations. Nevertheless, despite the cen-
tral role attributed to time preference in comparative development, the origins of
observed differences in time preference across societies have remained obscured.’
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'The consequences of the ability to delay gratification and to exert self-control have been studied extensively
(Ayduk et al. 2000; Dohmen et al. 2010; Mischel and Ebbesen 1970; Mischel, Shoda, and Rodriguez 1989; Mischel,
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ibson (1997); Frederick, Loewenstein, and O’Donoghue (2002);
and Fawcett, McNamara, and Houston (2012).
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This research explores the coevolution of time preference and economic devel-
opment in the course of human history, uncovering the origins of the distribution of
time preference across countries and regions. It advances the hypothesis and estab-
lishes empirically that geographical variations in the natural return to agricultural
investment generated a persistent effect on the distribution of time preference across
societies. In particular, exploiting a natural experiment associated with the expan-
sion of suitable crops for cultivation in the course of the Columbian Exchange (i.e.,
the pervasive exchange of crops between the new and old world: Crosby 1972), the
research establishes that pre-industrial agro-climatic characteristics that were con-
ducive to higher return to agricultural investment-triggered selection, adaptation,
and learning processes that have had a persistent positive effect on the prevalence of
long-term orientation in the contemporary era. Furthermore, the research establishes
that these agro-climatic characteristics have had a culturally embodied impact on
economic behavior such as technological adoption, human capital formation, the
propensity to save, and the inclination to smoke.

The proposed theory generates several testable predictions regarding the effect
of the natural return to agricultural investment on the rate of time preference. The
theory suggests that in societies in which the ancestral population was exposed to
a higher crop yield (for a given growth cycle), the rewarding experience in agricul-
tural investment triggered selection, adaptation, and learning processes which have
gradually increased the representation of traits for higher long-term orientation in
the population. Thus, descendants of individuals who resided in such geographi-
cal regions are characterized by higher long-term orientation. Moreover, the theory
further proposes that societies that benefited from the expansion in the spectrum of
suitable crops in the post-1500 period experienced further gains in the degree of
long-term orientation.

The empirical analysis exploits an exogenous source of variation in potential crop
yield and growth cycle across the globe to analyze the effect of pre-industrial crop
yields on various measures of long-term orientation at the country, region, and indi-
vidual levels. Consistent with the predictions of the theory, the empirical analysis
establishes that indeed higher potential crop yield experienced by ancestral pop-
ulations during the pre-industrial era increased the long-term orientation of their
descendants in the modern period.

The analysis establishes this result in five layers: (i) a cross-country analysis that
accounts for the confounding effects of a large number of geographical controls,
the onset of the Neolithic Revolution, as well as continental fixed effects (FE); (ii)
a within-country analysis across second-generation migrants that accounts for host
country fixed effects, geographical characteristics of the country of origin, as well
as migrants’ individual characteristics, such as gender and age; (iii) a cross-country
individual-level analysis that accounts for the country’s geographical characteris-
tics as well as individuals’ characteristics, such as income and education; (iv) a
cross-regional individual-level analysis that accounts for the region’s geographi-
cal characteristics, individuals’ characteristics, and country fixed effects; and (v) a
cross-regional analysis that accounts for the confounding effects of a large number
of geographical:controlsyasswellras country fixed effects.

The research introduces novel measures of potential caloric yield and crop growth
cycle for each cell of size 5 x 5" (approximately 100 km?) across the globe. These
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measures estimate the potential (rather than actual) caloric yield per hectare per
year, under low level of inputs and rain-fed agriculture, capturing cultivation meth-
ods that characterized early stages of development, while removing potential con-
cerns that caloric yields reflect endogenous choices that could be affected by time
preference. Moreover, the estimates are based on agro-climatic constraints that are
largely orthogonal to human intervention, mitigating further possible endogeneity
concerns.

The analysis accounts for a wide range of potentially confounding geographical
factors that might have directly and independently affected the reward for a lon-
ger planning horizon, and hence, the formation of time preference. In particular,
it controls for the effects of absolute latitude, average elevation, terrain roughness,
distance to navigable water, as well as islands and landlocked regions. Additionally,
it accounts for climatic variability, and thus the risk that was associated with fluctua-
tions in food supply, as well as for geographical factors that may have affected trade,
and therefore the planning horizon. Furthermore, unobserved geographical, cultural,
and historical characteristics at the continental level may have codetermined the
global distribution of time preference. Hence, the analysis accounts for these unob-
served characteristics by the inclusion of a complete set of continental fixed effects.
Moreover, when the sample permits, the analysis accounts for unobserved heteroge-
neity at the country level by the inclusion of country fixed effects.

The research exploits a natural experiment associated with the Columbian
Exchange (i.e., the expansion of suitable crops for cultivation in the post-1500
period) to mitigate possible concerns relating to: (i) the historical nature of the effect
of caloric yield on long-term orientation; (ii) the role of omitted regional charac-
teristics; and (iii) the relative impact of potential sorting of high long-term orienta-
tion individuals into high yield regions. First, the Columbian Exchange permits the
establishment of the historical nature of the effect of these geographical character-
istics as opposed to a potential contemporary link between geographical attributes,
development outcomes, and the rate of time preference. In particular, restricting
attention to crops that were available for cultivation in the pre-1500CE era permits
the identification of the historical nature of the effect.

Second, the Columbian Exchange diminishes concerns about the role of omit-
ted regional characteristics in the observed association. The Columbian Exchange
increases the potential crop yield if and only if the potential yield of some newly
introduced crop is larger than the potential yield of the originally dominating crop.
Hence, a priori, by construction, conditional on the potential pre-1500CE crop yield,
the potential assignment of crops associated with this natural experiment ought to
be independent of any other attributes of the grid, and the estimated causal effect of
the change in potential crop yield is unlikely to be driven by omitted characteristics
of the region.

Third, the natural experiment associated with the Columbian Exchange provides
the necessary ingredients to assess the relative contributions of the forces of cul-
tural evolution and sorting in the post-1500 era. Indeed, the association between
crop yield and time preference could also be attributed to the potential sorting
of thighrlong=termrindividualssinte high yield regions. While this sorting process
would not affect the nature of the results (i.e., variations in the return to agricul-
tural investment across the globe would still be the origin of the differences in
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time preference), it would undermine the cultural interpretation of the underlying
mechanism. However, if changes in crop yield in the course of the Columbian
Exchange affect time preference, once cross-country migrations over this period
are accounted for, this effect is unlikely to capture sorting but rather cultural evo-
lution in the post-1500 era.

The first part of the empirical analysis examines the effect of crop yield on the
rate of time preference across countries. Using a country-level measure of time
preference, as proxied by the index of long-term orientation (Hofstede 1991), the
analysis establishes that, conditional on crop growth cycles, higher pre-industrial
caloric yield has a positive effect on long-term orientation in the modern period.
The findings are robust to the inclusion of continental fixed effects, a wide range of
confounding geographical characteristics, and the years elapsed since the country
transitioned to agriculture. In particular, the estimates suggest that a one standard
deviation increase in potential crop yield increases a country’s long-term orientation
by about one-half of a standard deviation.

Moreover, the analysis establishes that crop yield has had primarily a direct effect
on time preference rather than an indirect one via the process of development. In
particular, accounting for the potential effect of higher crop yield on pre-industrial
population density, urbanization, and gross domestic product (GDP) per capita—
and their conceivable persistent effect on contemporary development—does not
affect the qualitative results. Furthermore, while effective caloric yield in a given
region might have been affected by climatic risks, spatial diversification, and trade,
the results are robust to the inclusion of these additional factors into the analysis.

Furthermore, the results suggest that it is the portable, culturally embodied com-
ponent of the effect of potential crop yield that has a long-lasting effect on the time
preference. In particular, the effect on long-term orientation of the crop yield in
a population’s ancestral homeland is stronger than the effect of crop yield in its
current geographical location. Additionally, the empirical analysis establishes that
long-term orientation is the main cultural characteristic determined by potential
crop yield. Crop yield has a largely insignificant effect on country-level measures
of individualism or collectivism, internal cooperation or competition, tolerance
and rigidness, hierarchy and inequality of power, trust, and uncertainty avoidance.
Moreover, the effect of crop yield on long-term orientation is not mediated by these
cultural characteristics.

The second part of the empirical analysis examines the effect of crop yield in
the parental country of origin on the long-term orientation of second-generation
migrants. This analysis accounts for host country fixed effects, mitigating possi-
ble concerns about the confounding effect of host country-specific characteristics
such as geography, culture, and institutions. Moreover, this setting assures that the
effect of crop yield on long-term orientation captures cultural elements that have
been transmitted across generations, rather than the direct effect of geographical
attributes at the country of origin, or the effect of omitted characteristics of the host
country (Ferndndez 2011; Giuliano 2007; Guiso, Sapienza, and Zingales 2004). In
line with the theory, these findings suggest that higher crop yield in the parental
country-of originchasrapositivegstatistically and economically significant effect on
the long-term orientation of second-generation migrants, accounting for the con-
founding effect of individual characteristics, a wide range of geographical attributes
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of the parental country of origin, as well as the number of years since the parental
country of origin transitioned to agriculture.

The third part of the empirical analysis explores the effect of crop yield on indi-
vidual’s long-term orientation in the World Values Survey, both across countries
as well as across regions within a country. The results lend further credence to the
proposed theory. In particular, they show that the probability of having long-term
orientation increases for individuals who live in a region with higher crop yield.
This result is robust to the inclusion of continental fixed effects, and a wide range of
confounding geographical as well as individual characteristics.

Finally, the analysis establishes the association between time preference and
comparative development in three different layers. First, ethnic groups whose ances-
tral populations were exposed to higher crop yield in the pre-1500 era had a higher
probability of adopting major technological innovations. Second, potential crop
yield has a significant effect on saving and smoking behavior of second-generation
migrants. Third, higher crop yield is positively associated with investment in human
capital across countries.

This research constitutes the first attempt to decipher the biogeographical origins
of variations in time preference across the globe. Moreover, it sheds additional light
on the geographical and biocultural origins of comparative development (e.g., Ashraf
and Galor 2013; Diamond 1997); the interaction between the evolution of human
traits and the process of development (Galor and Moav 2002; Spolaore and Wacziarg
2014); and the persistence of cultural characteristics (e.g., Alesina, Giuliano, and
Nunn 2013; Belloc and Bowles 2013; Bisin and Verdier 2000; Fernandez 2011; and
Nunn and Wantchekon 2011).

I. The Model

This section develops a dynamic model that captures the evolution of time pref-
erence during the agricultural stage of development: a Malthusian era in which indi-
viduals who generated more resources had larger reproductive success (Ashraf and
Galor 2011; Dalgaard and Strulik 2015; Vollrath 2011). The evolution of time pref-
erence is based on four elements: occupational choice, learning, reproductive suc-
cess, and intergenerational transmission. First, individuals characterized by higher
long-term orientation choose agricultural practices that permit higher but delayed
return. Second, the engagement of individuals with long-term orientation in prof-
itable investment ventures mitigates their tendency to discount the future and rein-
forces their ability to delay gratification. Third, the superior economic outcomes of
individuals with long-term orientation increase their reproductive success. Fourth,
since time preference is transmitted intergenerationally, the engagement in occu-
pations associated with higher yields and, thus, with higher reproductive success,
gradually increases the representation of high long-term orientation individuals
in the population.® Thus, societies characterized by greater return to agricultural
investment are also characterized by higher long-term orientation in the long run.

SBowles (1998); Bisin and Verdier (2000); Galor and Moav (2002); Rapoport and Vidal (2007); Doepke and
Zilibotti (2008); and Galor and Michalopoulos (2012) explore additional mechanisms that may govern the evolution
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Consider an overlapping-generations economy in an agricultural stage of devel-
opment. In every time period the economy consists of three-period lived individuals
who are identical in all respects except for their rate of time preference. In the first
period of life (childhood) agents are economically passive and their consumption
is provided by their parents. In the second and third periods of life, individuals
have access to identical land-intensive production technologies which allow them
to generate income by hunting, fishing, herding, and land cultivation. Some of the
available modes of production require investment (e.g., planting) and delayed con-
sumption, and thus, in the absence of financial markets, individuals’ occupational
choices reflect their rate of time preference.

A. Production

Adult individuals face the choice between two modes of agricultural production:
an endowment mode and an investment mode. The endowment mode exploits the
existing land for hunting, gathering, fishing, herding, and subsistence agriculture. It
provides a constant level of output, R® > 1, in each of the two working periods of
life. The investment mode, in contrast, is associated with planting and harvesting of
crops. It requires an investment in the first working period, leaving the individuals
with 1 unit of output, but it provides a higher level of resources, R', in the second
working period. In particular, In(R') > 2 In(R°).

Hence, depending on the choice of production mode, the income stream of
member i of generation ¢ (born in period ¢ — 1) in the two working periods of life,

(Yi, » i, i+1)s 18

(1) (yi,l‘7yi,t+l) = {

(R° R% under endowment mode

(1,R")  under investment mode.

B. Preferences and Budget Constraints

In each period ¢, a generation consisting of L, individuals becomes economically
active. Each member of generation 7 is born in period ¢ — 1 to a single parent and
lives for three periods. Individuals generate utility from consumption in each period
of their working life and from the number of their children. The preference of a
member i of generation ¢ is represented by the utility function,

(2) ubt = e, + Bilynn oy + (1 = 9) Inc; qlsy € (0,1),

where ¢; ,and ¢; ., are the levels of consumption in the first and the second working
periods of member i of generation ¢ and n; .. ; is the individual’s number of children.

of preferences. Moreover, Dohmen et al. (2012) establish empirically the presence of intergenerational transmission
of riskvaversionrandstrustrandsthesimportancerofisocialization in this transmission process.

“For simplicity, agricultural productivity is constant over time. Constant productivity of labor reflects a
Malthusian-Boserupian economy in which the adverse effect of population on the labor productivity is mitigated by
the advancement in technology. generated by the scale of the population.
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Furthermore, 3 € (0,1] is individual i’s discount factor, i.e., 3, = 1/(1 + pl),
where p! > 0 is the rate of time preference of member i of generation .

In the first working period, in the absence of financial markets and storage tech-
nologies, member i of generation ¢ consumes the entire income, y; ;. Hence, con-
sumption of member 7 of generation ¢ in the first working period, ¢; ,, is ¢; ;, = y; 1.
In the last period, member i of generation ¢ allocates her income, y; ,, 1, between
consumption, c¢; .y, and expenditure on children, 7n; ,,,, where 7 is the resource
cost of raising a child. Hence, the budget constraint of individual i of generation ¢ in
the last period of life is 771; ;1 + ¢ 141 = Yirt1-

C. Allocation of Resources between Consumption and Children

Members of generation ¢ allocate their last period income between consump-
tion and child rearing so as to maximize their utility function subject to the budget
constraint. Given the homotheticity of preferences, individuals devote a fraction
(I — ~) of their last period income to consumption and a fraction -y to child rear-
ing. Hence, the level of last period consumption and the number of children of
member i of generation ¢, ¢; . and n; ,,, are ¢; ;1 = (1 — ) yi ;o1 and n;
= 7yi.+1/7. Given these optimal choices, the level of utility generated by member
i of generation t is therefore, v' = Iny;, + Si[lny; ;.1 + (], where ¢ = vIn(y/7)
+ (1 = 1In(l — ).

D. Occupational Choice

Each member i of generation ¢ chooses the desirable mode of production that
maximizes lifetime utility, v*'. Differences in the desirable mode of production
across individuals reflect variations in their rate of time preference.

Given the discount factor, ﬂﬁ, the lifetime utility of a member i of generation ¢, yh!
under each of the two modes of production is

3 i {lnRO + BiInR° + ¢] under endowment mode

Inl + B [InR" + ¢] under investment mode.

Hence, since 1n<R 1) > 2 ln(RO), there exists an interior level of the discount
factor, (3, such that an individual who possesses this discount factor is indifferent
between the endowment and the investment modes of production:’

2 InR°
4 = —=—— ¢ (0,1).
“) b InR' — InR° (0.1)

The segmentation of the population between the investment and the endowment
modes of production is determined by £3. In particular, member i of generation 7 is
engaged in the endowment mode if 5; < [, and in the investment mode if 3; > (.

ssures that the investment mode is profitable for some but not all
s will not be altered if all individuals choose the investment mode.
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Furthermore, the threshold level of the discount factor above which individuals are
engaged in the investment mode is lower if the return to agricultural investment, R',
is higher, i.e.,

aﬁ —InR°
5 = < 0.
) OR'  R'[lnR' — InR°)?

E. Time Preference, Income, and Fertility

The income stream of member i of generation ¢ in the two working periods,
(¥i.Yi.1r1)- 1s determined by the threshold level of the discount factor, 3. In particular,

(R%R) if g} < 3
(1,RY) if gl > B

Consequently, the number of children of member i of generation 7 is determined by
the threshold level of the discount factor, /3, such that

(6) ()’i, Vi, z+1)

g — : i
R e o
;Rl =n ifp >

IN
@) @>

Hence, since R' > RY, the number of children of individuals engaged in the invest-
ment mode of production, n’, is larger than that of individuals engaged in the endow-

ment mode, n%, ie., n’ > nfl

F. The Evolution of Time Preference

Evolution of Time Preference within a Dynasty.—Suppose that time preference
is transmitted across generations. Suppose further that the rate of time preference is
affected by the experience of individuals over their lifetime.” In particular, individ-
uals who are engaged in the endowment mode of production maintain their inher-
ited time preference, (3, and transmit it to their offspring, whereas those who are
engaged in the investment mode learn to delay gratification and transmit to their
offspring an augmented discount factor that reflects this acquired tolerance.® Unlike
the experience of individuals who are engaged in the endowment mode of produc-
tion that has no impact on their rate of time preference, the experience of individuals

©Consistent with various interpretations of the nature of the endowment mode in the model (e.g., subsistence
agriculture, hunting, and gathering), empirical evidence suggests that fertility rates in the post-Neolithic Revolution
era are higher than among hunter and gatherers. In particular, the Neolithic Demographic Transition was associ-
ated with “a sharp increase in birthrates as populations [...] adopted sedentary lifestyles and food storage, reduced
their birth intervals, and came to depend increasingly on food production as opposed to foraging.” (Bellwood and
Oxenham 2008, p. 13). Moreover, in post-Neolithic societies fertility rates are positively related to income (Clark
and Hamilton 2006; Lee 1997).

is transmitted intergenerationally (Anderson and Nevitte 2006;
nowles and Postlewaite 2005; Webley and Nyhus 2006) and is
3).

pes would reinforce the mechanism highlighted in this paper.
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FIGURE 1. THE EVOLUTION OF TIME PREFERENCE WITHIN A DYNASTY

who are engaged in the investment mode provides a positive reinforcement to their
patience, enhancing their ability to delay gratification.

The degree of long-term orientation transmitted by individuals of the investment
type to their offspring, ¢( ﬂi; Rl), reflects their inherited time preference, ﬁﬁ, as well
as their acquired patience due to the reward to their investment, R'. The higher is the
reward to investment, the more gratifying is the experience with delayed gratification
(reflected by higher income and reproductive success), and thus, the higher is the
degree of long-term orientation that they transmit to their offspring. Moreover, the
higher is the inherited time preference, the higher is the degree of long-term orien-
tation transmitted to the offspring. Indeed, evidence suggests that larger rewards to
delayed gratification reinforce the ability to delay gratification even further (Dixon
et al. 1998; Mazur and Logue 1978; Newman and Bloom 1981; Rung and Young
2015). Furthermore, children become more long-term oriented when observing a
long-term oriented adult (Bandura and Mischel 1965). Thus, if the contribution of
the parental inherited time preference to the long-term orientation of the offspring is
characterized by the law of diminishing returns, ¢(3:; R") is an increasing, strictly
concave function of the parental inherited time preference, 3.

Hence, as depicted in Fiéure 1,/the time preference that is inherited by a member
i of generation ¢t + 1, 3.1, is

. g g < B
8 = ) . A
®) . {M;;Rl) if g > B,

where for any 3}, 8 < ¢(B5R') < 1; (B R") > B; ¢5(Bi R") > 0; dp(BiR') > 0;
das(BR") < 0.

: i i time preference of member i of generation 0
ividual chooses the endowment mode and the
of the individual’s dynasty remains at (3. In
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particular, if 3 < [ then lim, .. 3! = Gi. In contrast, if 3 > 3, then mem-
ber i of generation 0 chooses the investment mode and the evolution of time

preference within individual i’s dynasty converges to a unique steady-state level
3"(R"Y > [, suchthat ' = ¢(3';R"). Hence, lim,_.. 3i = 5'(R").

Evolution of Time Preference across Generations.—Suppose that the time
preferences of individuals in period O are characterized by a continuous distribution
function with support [0, 5’ (R")] and density v/(3)) H Suppose further that the initial
size of the population of generation O is Ly = 1, i.e.,

©) Ly = | v(Bh)dsh = 1.

Given the threshold level of the discount factor, B, above which the investment
mode of production is beneficial, the size of the population of generation O that is
engaged in the endowment mode of production, LE, and the size of the population of
generation 0 that is engaged in the investment mode of production, L§, are

(10 1§ = | voass and 1= [ u(s)as,

Since the critical level, B, is stationary over time, it follows frgrn (8), that the dis-
tribution of /3 across individuals with a discount factor below /3 is unchanged over
time. Additionally, income and therefore the number of children are constant over
time for each group (i.e., the endowment type, E, and the investment type, I).

Thus, in generation ¢, the size of the population of each group is determined by
its initial level and the number of children per adult:

t
(11) Lf = (n")'L§ = GR') LE:
t
L= ()1 = (R)' 14,
where LE + L = L, ~
The average time preference of generation ¢, (3, is therefore the weighted average

] —E . od
of the time preference of the endowment type, (3, , and of the investment type, (3,.
The weights are determined by the relative size of the two types in generation 7.
Hence, the average time preference in society in period #, (3,, is

(12) B = 055 + (1 - 0F) B,

where 6F is the fraction of offspring in generation ¢ who are descendants from indi-
viduals engaged in the endowment mode of production in generation 0, i.e.,
Lo+ L (R + (RY(L/ L)

on assures that at least some individuals will be engaged in each
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Thus, the fraction of individuals of the endowment type declines asymptotically
to zero (i.e., lim, . 6 = 0), reflecting their lower reproductive success.

G. Steady-State Equilibrium

As the economy approaches a steady-state equilibrium, the fraction of individuals
of the endowment type in each generation declines asymptotically to zero. Hence,
it follows that the steady-state level of the average time preference in the economy,
(3, is equal to steady-state level of time preference among individuals engaged in the
investment mode of production, i.e., 5 = B!(R'), where 95/0R' > 0.'Y Although
RO affects the allocation of the population between the investment and the endow-
ment modes of production, since individuals of the investment type entirely domi-
nate the population asymptotically, and since their time preference converges to the
same long-run steady-state level 3 I(Rl), which is independent of R, it follows that
the steady-state level of time preference in the economy £ is also independent of R°.

Moreover, while an increase in the rate of return to investment, R', lowers the
threshold level of the discount factor above which individuals will chose the invest-
ment mode of production, the gradual increase in the ability to delay gratification
among individuals of the investment type, and the increase in their relative share in
the population (due to higher resources and thus reproductive success) brings about
an increase in steady-state level of long-term orientation in society.

Thus, since R” has no persistent effect on time preference in the long run, while
R! has a persistent positive effect on the steady-state level of time preference, the
empirical investigation of the deep determinants of contemporary time preference
ought to focus on variations in R' across countries and regions, while disregarding
potential variations in R® across the globe.!!

Independence of the Steady-State Time Preference from Its Initial Distribution.—
As previously established, the steady-state level of time preference in the economy,
(3, is independent of the initial distribution of time preference in the population as
long as the support of the distribution function is [0, 3. Thus, changes in the initial
distribution can only have temporary effects on time preference, as long as the sup-
port of the distribution function remains [0, 5]. In particular, if sorting occurs, and
individuals with high long-term orientation sort themselves into environments in
which the return to agricultural investment is higher, this sorting would affect the
level of time preference during the transition to the steady state, but would not affect

the long-run time preference in the economy.

The Effect of an Increase in Crop Yield on Time Preference.—Suppose that after
the economy reaches the steady-state equilibrium, /3 ! (R"), new crops are introduced
and the return to the investment mode increases from R' to R! 4+ AR. As depicted in

19The results are robust to the inclusion of a range of investment modes. In particular, the most patient individ-
uals will be engaged in the most productive investment mode and thus given their higher reproductive success, their
time preference would dominate the population in the long run.

TWhile in the steady state, for a given R, there is no heterogeneity in time preference within a given geograph-
ical location, regional variations in agricultural returns within a country will contribute to the observed heterogene-
ity in long-term orientation across regions within a country.
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Panel A. Effect of the introduction Panel B. Time preference across
of new potential crops countries R® > R*
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FIGURE 2. COMPARATIVE DYNAMICS

panel A of Figure 2 Mand as follows from (5) and the properties of ¢(/3,; R'), the rise
in R! decreases the threshold level to ﬁ 2 while shifting ¢(3,; R") upward Hence, the
economy gradually transitions to a higher steady-state equilibrium (3 (R1 + AR),
and the introduction of new crops increases long-term orientation. Moreover, con-
sider two countries, A and B, identical in all respects except for their return to the
investment mode of production. Suppose R* < R, then as depicted in panel B, the
high return country, B, will have a higher long-term orientation in the steady state

(ie. B(R®) > B(RY)).

The Effect of an Increase in Crop Growth Cycle on Time Preference.—While the
waiting period in the basic model is equal to 1 by construction, a simple extension of
the model captures the effect of an increase in the waiting period on the rate of time
preference. Suppose that the rate of time preference that is transmitted intergener-
ationally by parents of the investment type is affected by their inherited time pref-
erence, their acquired patience due to the reward to their investment, as well as the
length of the delay in the reward that is associated with this investment. In particular,
suppose that the subjective reward from this investment, R, is a positive function of
the actual resources generated by thls investment, R', and a decreasing function of
the waiting period, 0, i.e., R = &(R', ), where 6{/8R1 > 0and 9¢/06 < 0. l

Generalizing the transmission of the time preference across generations who are
engaged in the investment mode, to account for the effect of the duration of the
waiting period, it follows that

(14) B = o(BLER',0),0),

where 0¢/0j > 0 for j = (31,R,0. In particular, holding the subjective reward
from investment constant, R, the longer is the waiting period, 6, the higher is the
acquired tendency to delay gratification (i.e., 9¢/06 > 0).

icultural investment, i.e., if R = R! /0, an increase in R! increases
es the daily return.
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Thus, an increase in the duration of the waiting period has conflicting effects on
the evolution of time preference for individuals of the investment type. In particular,

dfisi _ 00(51.E(R.0).0) or  00(hE(R1.0).0)
do OR 00 00

(15)

AllV
=]

On the one hand, an increase in the waiting period, holding R' constant, is equiv-
alent to a decrease in the subjective reward, and hence it reduces the rewarding
effect of investment on the individual’s ability to delay gratification. However, the
unavoidable increase in the waiting period that is associated with this higher reward,
on the other hand, mitigates the aversion from delayed consumption.

Thus, following the analysis in Section IG, the economy’s average rate of time
preference converges to a steady-state level, (R', §), where O3(R')/OR' > 0 and
IB(R',6)/06 = 0.

H. Testable Predictions

The model generates several testable predictions regarding the relationship
between crop yield and time preference. First, the theory suggests that across econ-
omies identical in all respects except for their return to agricultural investment, the
higher the crop yield, the higher the long-term orientation in the long run. In particu-
lar, given the crop growth cycle, the higher is the crop yield, the higher is the average
level of long-term orientation. Second, the theory suggests that the expansion in the
spectrum of potential crops in the post-1500 period generated an additional increase
in the degree of long-term orientation in society, beyond the initial level generated
by the pre-1500 crops. Third, the theory suggests that an increase in the crop growth
cycle generates conflicting effects on the rate of time preference. On the one hand,
an increase in the crop growth cycle, holding the crop yield constant, is equivalent to
a reduction in the return on investment, and hence it reduces the effect of rewarding
investment experience on the ability to delay gratification. However, the increase
in the duration of the investment mitigates the aversion from delayed consumption.
Thus, the overall effect is ambiguous.

II. Data and Empirical Strategy

This section presents the empirical strategy developed to analyze the effect of
the return to agricultural investment on contemporary variations in the rate of time
preference. It introduces novel global measures of historical potential crop yield and
growth cycles that are employed in order to examine their effect on a range of prox-
ies for time preference at the individual, regional, and national levels.!?

13 Three different measures of long-term orientation at the country, region, and individual level are employed.
Tables B.44 and B.45 show that these measures are highly correlated.
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A. Identification Strategy

The analysis surmounts significant hurdles in the identification of the causal
effect of historical crop yield on long-term orientation. First, long-term orientation
may affect the choice of technologies and therefore actual crop yields. Hence, to
overcome this concern about reverse causality, this research exploits variations in
potential (rather than actual) crop yields associated with agro-climatic conditions
that are orthogonal to human intervention.

Second, the results may be biased by omitted geographical, institutional, cultural,
or human characteristics that might have determined long-term orientation and are
correlated with potential crop yield. Thus, several strategies are employed to miti-
gate this concern: (i) the analysis accounts for a large set of confounding geograph-
ical characteristics (e.g., absolute latitude, elevation, roughness, distance to the sea
or navigable rivers, average precipitation, percentages of a country’s area in trop-
ical, subtropical or temperate zones, and average suitability for agriculture); (ii) it
accounts for continental fixed effects, capturing unobserved time-invariant hetero-
geneity at the continental level; (iii) it accounts for confounding individual charac-
teristics (e.g., age, gender, education, religiosity, marital status, and income); (iv) it
conducts regional-level analyses of the effect of potential crop yield on long-term
orientation, accounting for country fixed effects and thus unobserved time-invariant
country-specific factors; and (v) it explores the determinants of time preference in
second-generation migrants, accounting for the host country fixed effects, and thus
time-invariant country-of-birth-specific factors, (e.g., geography, institutions, and
culture), thus permitting the identification of the importance of the portable, cultur-
ally embodied component of the effect of geography.

Third, geographical attributes that had contributed to crop yield in the past are
likely to be conducive to higher crop yield in the present. In particular, the cor-
relation between past crop yield and contemporary time preference may therefore
reflect the direct impact of invariant geographical attributes on contemporary eco-
nomic outcomes that may be correlated with the rate of time preference. To miti-
gate this concern, this research exploits the potential yield in the pre-1500 period
(i.e., prior to the expansion in the spectrum of potential crops in the course of the
Columbian Exchange) to identify the persistent effect of historical crop yield on
long-term orientation, lending credence to the hypothesis that it is the portable, cul-
turally embodied component of the effect of potential crop yield, rather than per-
sistent geographical attributes that affect time preference.

Fourth, the natural experiment associated with the Columbian Exchange, and the
differential assignment of superior crops to different regions of the world, further
mitigates potential concerns about omitted variables. In particular, in each grid, the
Columbian Exchange brought about an increase in potential crop yield if and only
if the potential yield of a newly introduced crop is larger than the potential yield of
the originally dominating crop. Hence, a priori, by construction, conditional on the
potential pre-1500CE crop yield, the potential assignment of crops associated with
this natural experiment ought to be independent of any other attributes of the grid,
andrtherestimated-causaleffectof the change in potential crop yield is unlikely to be
driven by omitted characteristics of the region. Given the positive empirical associ-
ation between crop yield and growth cycle, this natural experiment is based on the
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identifying assumption that, conditional on the pre-1500 distribution of potential
crop yield and growth cycle, the change in the potential crop yield and growth cycle
resulting from the introduction of new crops is distributed randomly, independently
of any other attributes of the grid. Appendix B.2 provides supportive evidence for
the plausibility of this assumption.

Fifth, the natural experiment associated with the Columbian Exchange sheds
light on the contribution of the forces of cultural evolution to the formation of time
preference, as opposed to the sorting of high long-term orientation individuals into
geographical regions characterized by higher agricultural return. While this sorting
process would not affect the nature of the results (i.e., variations in the return to
agricultural investment across the globe would still be the origin of the contem-
porary regional distribution of time preference), this natural experiment provides
an essential element that permits the separation of the effect of crop yield on the
cultural evolution of time preference from the conceivable sorting of high long-term
orientation individuals into regions with high yields. Thus, the differential assign-
ment of superior crops to indigenous populations across the globe in the course of
the Columbian Exchange mitigates concerns about sorting. In particular, the causal
effect of changes in crop yield is unlikely to capture the effect of sorting in the post-
1500 era since the analysis accounts for cross-country migrations over this period.

Finally, superior historical crop yield could have positively affected past eco-
nomic outcomes, such as population density, urbanization, and income per capita,
which may have affected the observed rate of time preference. Hence, accounting
for historical population density, urbanization, as well as GDP per capita, permits
the analysis to isolate the cultural component of the effect of potential crop yield
from the persistence of past economic prosperity.

B. Independent Variables: Potential Crop Yield and Growth Cycle

This subsection introduces the novel global measures of historical potential crop
yield and growth cycles that are central to the analysis. These measures properly
represent potential crop yield across the globe, as captured by calories (per hectare
per year), rectifying deficiencies associated with weight-based measures of agricul-
tural yield. The measures hinge on: (i) estimates of potential crop yield and growth
cycle under low level of inputs and rain-fed agriculture: cultivation methods that
characterized early stages of development, and (ii) agro-climatic conditions that
are orthogonal to human intervention. Furthermore, in light of the expansion of
crops amenable for cultivation in the course of the Columbian Exchange (Crosby
1972), these measures account for pre-1500CE crop yield and growth cycles and
their changes in the post-1500 period.

The historical measures of crop yield and growth cycles are constructed based
on data from the Global Agro-Ecological Zones (GAEZ) project of the Food and
Agriculture Organization (FAO). The GAEZ project supplies global estimates of
crop yield and crop growth cycle for a variety of crops in grids with cells of size
5' x 5'(i.e., approximately 100 km?). For each crop, GAEZ provides estimates for
cropwyieldsbased-onrthreesalternative levels of inputs—high, medium, and low—and
two possible sources of water supply—rain-fed and irrigation. Additionally, for each
Input-water source category, it provides two separate estimates for crop yield, based
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on agro-climatic conditions that are arguably unaffected by human intervention,
and agro-ecological constraints that could potentially reflect human intervention.
The FAO dataset provides for each cell in the agro-climatic grid the potential yield
for each crop (measured in tons, per hectare, per year). These estimates account
for the effect of temperature and moisture on the growth of the crop, the impact of
pests, diseases and weeds on the yield, as well as climatic related “workability con-
straints.” In addition, each cell provides estimates for the growth cycle for each crop,
capturing the days elapsed from the planting to full maturity.

The measures employed in the analysis are based on the agro-climatic estimates
under low level of inputs and rain-fed agriculture. These restrictions remove poten-
tial concerns that the level of agricultural inputs, the irrigation method, and soil
quality, reflect endogenous choices that could be potentially correlated with time
preference.

In order to capture the nutritional differences across crops, and thus to ensure
comparability in the measure of crop yield, each crop’s yield in the GAEZ data
(measured in tons, per hectare, per year) is converted into caloric yield (measured
in millions of kilo calories, per hectare, per year). This conversion is based on the
caloric content of crops, provided by the United States Department of Agriculture
Nutrient Database for Standard Reference.”

In light of the expansion in the set of crops that were available for cultivation in
each region in the course of the Columbian Exchange, the constructed measures dis-
tinguish between the caloric suitability in the pre-1500 period and in the post-1500
period (online Appendix Figures B.2 and B.3). In particular, the pre-1500 estimates
are based on the subset of crops in the GAEZ/FAO dataset which were available for
cultivation in different regions of the world before 1500CE, as documented in Table
A.2 (Crosby 1972; Diamond 1997).'3 In the post-1500CE period, in contrast, all
regions could potentially adopt all crops for agricultural production.'©

Based on these estimates, the analysis assigns to each cell the crop with the high-
est potential yield among the available crops in the pre- and post-1500CE period."”
Thus, the research constructs three sets of measures: (i) the yield and growth cycle
for the crop that maximizes potential yield before the Columbian Exchange; (ii) the
yield and growth cycle for the crop that maximizes potential yield after Columbian
Exchange; and (iii) the changes in the yield and growth cycles of the dominating
crop in each cell due to the Columbian Exchange.

Using these measures, the research constructs estimates for the average regional
crop yield and the average regional crop growth cycle that reflect the average
regional levels of these two variables among crops that maximize the caloric yield

4The analysis is restricted to the subset of crops that are edible by humans and for which an estimate of the
crop growth cycle is available.

I5The presence of Asian varieties of rice (Oryza sativa) in sub-Saharan Africa in the pre-1500CE period has
been debated. In particular, the assignment of wetland (Oryza japonica) and indica (Oryza indica) rice varieties to
sub-Saharan Africa prior to 1500CE is debatable. Figures 3 and A.1 are based on the exclusion of Asian crops in
sub-Saharan Africa in the pre-1500CE period. In contrast, the regression analyses include the Asian crops. Their
exclusion magnifies the economic and statistical significance of the effect of crop yield on long-term orientation.

16 Crosby (1972) argues that indeed many of the crops diffused rapidly between the New and Old Worlds.

7 FigureAsizshows foreachreellinsthesworld the highest yield-producing crop in the pre- and the post-1500CE
era. The analysis abstracts from the limited possibility that agro-climatic conditions would permit multi-cropping
within a growing season in a given grid cell. As established in Appendix B.1 allowing for multi-cropping would
not affect the analysis.
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Panel A. Crop yield

S

FIGURE 3. CroP YIELD AND GROWTH CYCLE FOR PRE-1500CE CroPS

in each cell. Since a sedentary community is unlikely to exist in a region in which
the caloric yield is zero, the analysis focuses on the averages across cells where the
maximum potential crop yield is positive.'8

depicts the distribution of potential crop yield and growth cycle across
global 5" x 5’ grids for crops available for cultivation in the pre-1500CE period.
Each cell in panel A depicts the potential yield (measured in millions of kilo calo-
ries, per hectare, per year) generated by the crop with the highest potential yield in
that cell. Higher crop yields are marked by darker cells, while lower ones by lighter
ones. Similarly, panel B depicts the potential crop growth cycle for the crop with the
highest potential yield in each cell. Longer growth cycles are marked by darker cells
and shorter ones by lighter cells.

As is evident from Figure 3, there are large regional and cross-country variations
in crop yields. The cross-country distribution of pre-1500CE potential crop yield
ranges between 0.5 and 18 (millions of kilo calories per hectare per year), has a
mean of 7.2 and a standard deviation of 3.2. On the other hand, the distribution of
pre-1500CE crop growth cycle has a mean of 134 days, a standard deviation of 18
days and ranges between 80 and 199 days. The correlation between crop yield and
growth cycle pre-1500CE is 0.4 (p < 0.01) and post-1500CE is 0.78 (p < 0.01);
suggesting that “trees that are slow to grow, bear the best fruit” (Moliere).

The use of potential crop yield as a proxy for actual crop yield overcomes possi-
ble concerns about reverse causality.'” Importantly, potential crop yield can serve as

ells with no potential yield (Table B.27).
s in the year 2000 for a small subset of crops. Hence, an explicit
analysis, in which potential crop yield and growth cycles are used
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a good proxy since it is positively correlated with actual crop yield at the cell level
(online Appendix Figure A.2). Moreover, as established in online Appendix B.10,
using the Ethnographic Atlas (Murdock 1967), potential crop yield is positively
correlated with the dependence on agriculture, the intensity of agriculture, and the
contribution of agriculture to subsistence across ethnic groups.

C. Additional Controls

As suggested in the empirical strategy section, crop yield is correlated with
other geographical characteristics that may have affected the evolution of time
preference. Hence, the analysis accounts for the potential confounding effects of
a range of geographical factors such as absolute latitude, average elevation, terrain
roughness, distance to sea or navigable rivers, as well as islands and landlocked
regions.”" Furthermore, the analysis accounts for continental fixed effects, capturing
unobserved continent-specific geographical and historical characteristics that may
have codetermined the global distribution of time preference.

The empirical analysis considers the confounding effect of the advent of seden-
tary agriculture, as captured by the years elapsed since the onset of the Neolithic
Revolution, on the evolution of the rate of time preference. The onset of agriculture
could have generated conflicting effects on the evolution of time preference. The
rise of institutionalized statehood in the aftermath of the transition to agriculture was
associated with the taxation of crop yield and thus with a reduction in the incentive
to invest (Mayshar, Moav, and Neeman 2013; Olsson and Paik 2013). However, the
effect of the Neolithic Revolution on technological advancements and investment in
agricultural infrastructure (Ashraf and Galor 2011; Diamond 1997) may have coun-
tered this adverse effect on the net crop yield. Thus, the effect of the agricultural
revolution on the rate of time preference appears a priori ambiguous.

Moreover, the effect of crop yield on long-term orientation would be stronger in
regions that experienced the transition to agriculture earlier, provided this evolution-
ary process had not matured. However, since all countries in the sample experienced
the Neolithic Revolution at least 400 years ago, and the vast majority more than
3,000 thousand years ago, it is very likely that this culturally driven evolutionary
process has matured and its interaction with the years elapsed since the Neolithic
Revolution has an insignificant effect on time preference.

III. Crop Yield and Long-Term Orientation (Cross-Country Analysis)
A. Baseline Analysis
This section analyzes the empirical relation between crop yield, crop growth
cycle, and long-term orientation across countries. In particular, it examines the

effect of crop yield on the cultural dimension identified by Hofstede (1991) as long-
term orientation (LTO). Hofstede, Hofstede, and Minkov (2010) define long-term

as instruments for actual yield and cycles, is not feasible, since it requires unavailable data on actual crop yield and
growth cycle in the pre-1500 period.
29Summary statistics and description of all variables used in the analysis are provided in online Appendix C.
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orientation as the cultural value that stands for the fostering of virtues oriented toward
future rewards, perseverance, and thrift.”! For the sample of countries used in this
research, there exists a positive relation between this measure of long-term orien-
tation and income per capita, education, and economic growth (online Appendix
Figure A.3).

In order to explore the effect of crop yield and growth cycle on long-term orien-
tation, the following empirical specification is estimated via ordinary least squares
(OLS):

(16) LTO; = By + Byyield; + (3, growth cycle; + nyonl-j
J
+ N YST; + D70, + €
C

where LTO;is the level of long-term orientation in country i as identified by Hofstede,
Hofstede and Minkov (2010); crop yield and crop growth cycle of country i are
the post-1500CE measures constructed in the previous section; X;; is geographical
characteristic j of country i; YST; is the number the years elapsed since country i
transitioned to agriculture; {56} is a complete set of continental fixed effects; and ¢;
is the error term of country i. The theory suggests that 3; > 0.

The effect of potential crop yield and growth cycle on long-term orientation
based on the full set of available crops in the contemporary era are shown in[Table 1.]
Column 1 establishes the relationship between crop yield and long-term orientation,
accounting for continental fixed effects and therefore for unobserved time-invariant
omitted variables at the continental level. The estimated coefficient is positive and
statistically significant at the one percent level. In particular, an increase of one stan-
dard deviation in crop yield increases long-term orientation by 0.3 standard devia-
tions (i.e., 7.4 percentage points).

Column 2 accounts for other confounding geographical characteristics of the
country such as absolute latitude, mean elevation above sea level, terrain roughness,
mean distance to the sea or a navigable river, and dummies for being landlocked
or an island. Accounting for the effects of geography and unobserved continental
heterogeneity, a one standard deviation increase in crop yield increases long-term
orientation by 9.8 percentage points or equivalently 0.4 standard deviations. This is
the largest association of any of the variables included in the analysis. Moreover,
most geographical characteristics have no significant association with long-term
orientation.

Column 3 considers the confounding effect of the advent of sedentary agriculture,
as captured by the years elapsed since the onset of the Neolithic Revolution, on the
evolution of the rate of time preference. Reassuringly, the coefficient on crop yield
remains stable and statistically significant at the 1 percent level and implies that a
one standard deviation increase in crop yield increases long-term orientation by 9.1
percentage points. The estimated coefficients of other geographical characteristics

2! Hofstede (1991) based his original analysis on data gathered from interviews of IBM employees across the
worldy Theseroriginalidataswererlaterexpandedmusing the data from the Chinese Values Survey and from the World
Values Survey. The long-term orientation (LTO) measure varies between 0 (short-term orientation) and 100 (long-
term orientation). This measure is positively correlated with the importance ascribed to future profits, savings rates,
investment in.real estate, and math and science scores (Hofstede, Hofstede, and Minkov 2010).
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TABLE 1—CRrOP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION
Long-term orientation
Whole world Old world
() 2 3 “ ) (6) ™) 8
Crop yield 7.43 9.84 9.06 9.46 —7.07 1326 15.23
(2.48) (2.88) (2.62) (3.41) (6.41) (2.55)  (3.58)
Crop growth cycle —0.70 10.47 —3.18
(3.96) (10.99) (4.03)
Crop yield (ancestors) 1331 19.55
(2.94) (6.69)
Crop growth cycle (ancestors) -3.15 —13.41
(3.52) (11.26)
Absolute latitude 2.85 1.88 1.68 3.99 4.72 4.76 3.87
(4.05) (3.85) (4.33) (3.63) (3.83) (4.15)  (4.71)
Mean elevation 4.98 5.97 6.09 5.96 5.47 4.58 4.87
(2.87)  (2.96) (3.03) (2.46) (2.54) (2.99) (3.03)
Terrain roughness —624 572 =572 —-6.72 —6.56 —6.40 —6.29
(2.51)  (275) (2.75) (249) (2.54) (2.83) (2.82)
Neolithic transition timing —6.46 —6.31 —3.24 —4.75  —4.08
(2.87)  (3.06) (7.22) (2.60)  (2.66)
Neolithic transition timing —-431 -1.70
(ancestors) (2.30) (6.24)
Continent FE Yes Yes Yes Yes Yes Yes Yes Yes
Additional geographical controls No Yes Yes Yes Yes Yes Yes Yes
Old World sample No No No No No No Yes Yes
Adjusted R? 0.54 0.60 0.62 0.61 0.66 0.65 0.61 0.61
Observations 87 87 87 87 87 87 72 72

Notes: The table shows the effect of a country’s potential crop yield (measured in calories per hectare per year)
on its level of long-term orientation (measured on a scale of 0 to 100), accounting for continental fixed effects and
other geographical characteristics. Additional geographical controls include distance to coast or river, and land-
locked and island dummies. All independent variables have been normalized by subtracting their mean and dividing
by their standard deviation. Thus, all coefficients can be compared and show the effect of a one standard deviation
increase in the independent variable on long-term orientation. Heteroskedasticity-robust standard error estimates
are reported in parentheses.

remain smaller than the effect of crop yield. Additionally, the effect of the years
elapsed since the onset of the Neolithic Revolution is negative and statistically sig-
nificant at the 5 percent level. In particular, a one standard deviation increase in the
number of years since the onset of the Neolithic Revolution (approximately 2,350
years) is associated with a decrease of 6.5 percentage points in long-term orientation.

Column 4 accounts for the effect of crop growth cycle on long-term orientation.
As suggested by the theory the coefficient on crop yield is positive and statistically
significant at the 1 percent level, while the coefficient on crop growth cycle is neg-
ative, though not statistically different from zero. The estimated coefficient on crop
yield remains stable implying that a one standard deviation increase on crop yield
increases long-term orientation by 9.5 percentage points.

The proposed hypothesis suggests that the evolution of time preference reflected the
exposure of the ancestral population of contemporary societies to higher crop yield.
However, migration of individuals in the post-1500 period could generate a mismatch
ield i try of residence and the crop yield to which the
Thus, in order to analyze the effect that migration
ect, column 5 adjusts crop yield, growth cycle,
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Panel A. Whole world (ancestry adjusted) Panel B. Old world
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FIGURE 4. CROP YIELD AND LONG-TERM ORIENTATION

Notes: This figure illustrates the positive effect of potential crop yield on long-term orientation in the whole world
(panel A) and the old world (panel B). The depicted relationships account for the full set of controls in Table 1.

and timing of transition to agriculture to account for the ancestral composition of the
contemporary populations (Putterman and Weil 2010). These ancestry adjusted mea-
sures capture the geographical attributes that existed in the homelands of the ancestral
populations of each contemporary country. In particular, for each country the adjusted
crop yield is the weighted average of crop yield in the countries where the ancestral
populations resided. This adjustment permits the analysis to capture the culturally
embodied transmission rather than the direct effect of geography.

As established in column 5, the estimated effect of crop yield is 50 percent larger,
reinforcing the notion that the effect of these geographical attributes is culturally
embodied. Moreover, as reported in column 6, in a horse race between the ancestry
adjusted and unadjusted measures of crop yield and crop growth cycle, only the
adjusted measure of crop yield remains economically and statistically significant,
reinforcing the hypothesis about the culturally embodied transmission. The esti-
mates in column 5 imply that accounting for continental fixed effects, other geo-
graphical characteristics, the ancestry adjusted timing of transition to the Neolithic
Revolution, and the ancestry adjusted crop growth cycle, a one standard deviation
increase in the crop yield experienced by the ancestral populations of contemporary
countries increases current levels of long-term orientation by 0.53 standard devia-
tions (i.e., 13.3 percentage points). Panel A of depicts the partial correla-
tion plot for the specification in column 5.

Additionally, columns 7 and 8 establish that the effect of crop yield on long-
term orientation is much larger in the old world, where intercontinental migration
and population replacement were less prevalent. One standard deviation increase
in crop yield increases long-term orientation by 13.3 and 15.2 percentage points
(0.52 and 0.60 standard deviations), respectively. Panel B depicts the partial correla-
tion between crop yield and long-term orientation for the specification in column 8.

B. Natural Experiment: The Columbian Exchange

The natural”experiment generated by the Columbian Exchange provides an
essential ingredient in overcoming three unsettled issues regarding the observed
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association between crop yield and long-term orientation: (i) the role of omitted
variables at the country level; (ii) the comparative role of cultural evolution and the
sorting of high long-term orientation individuals into high yield regions; and (iii) the
historical, as opposed to the contemporary, link between crop yield and long-term
orientation.

In order to explore the effect of crop yield, growth cycle, and their changes on
long-term orientation, the following empirical specification is estimated via OLS:

(17) LTO; = By + BPPyield; + B¢ Ayield; + 5% growth cycle;
+ ﬁﬁh Acycle; + ZW/Q/'X"/' + v YST; + 2%56. + €,
J C

where LTO; is the level of long-term orientation in country i; yield; and growth cycle;
are the pre-1500CE levels of these measures; Ayield; and Acycle; are their post-1500
changes generated in the course of the Columbian Exchange; X;; is geographical
characteristic j of country i; YST; is the number of the years elapsed since country
i transitioned to agriculture; {56.} is a complete set of continental fixed effects; and
¢; is the error term of country i. The theory suggests that 31°°° > 0and 5§" > 0.
[Table 2|examines the effect of pre-1500CE crop yield and growth cycle and
their changes in the course of the Columbian Exchange on long-term orientation.
Accounting for continental fixed effects column 1 establishes that a one standard
deviation increase in the pre-1500CE crop yield generates a 5.7 percentage points
increase in long-term orientation. Column 2 shows that the expansion of crops
available for cultivation in the post-1500CE period generates an additional increase
in long-term orientation. In particular, a one standard deviation increase in pre-
1500 crop yield increases long-term orientation by 6 percentage points, while the
change in crop yield increases it by 7.9 percentage points. Column 3 establishes
that accounting for the confounding effects of additional geographical characteris-
tics and the time elapsed since the transition to agriculture increases the estimated
effect of pre-1500 crop yield and its change in the post-1500CE period. Column 4
accounts for the effect of pre-1500CE growth cycle and its change in the course of
the Columbian Exchange. Reassuringly, the effect of pre-1500CE crop yield and
its change are higher than before and remain statistically and economically sig-
nificant. Column 5 accounts for migration and population replacement adjusting
for the ancestral composition of contemporary populations. The estimated effect of
pre-1500CE crop yield increases by 25 percent, reinforcing the notion that the effect
of these geographical attributes is culturally embodied. Moreover, as reported in
column 6, in a horse race between the ancestry adjusted and unadjusted measures of
crop yield and crop growth cycle and their changes, only the adjusted level of pre-
1500 crop yield remains economically and statistically significant, reinforcing the
hypothesis that the effect of crop yield on long-term orientation operated through
cultural transmission. Columns 7 and 8 establish that the effect of crop yield on
long-term orientation is much larger in the Old World, where intercontinental migra-
tion and population replacement were less prevalent. In particular, mitigating the
effectrof measurementerrorsytherestimated effects in column 8 are larger, implying
that a one standard deviation increase in pre-1500CE crop yield increases long-term
orientation by 15.2 percentage points, while a one standard deviation increase in
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TABLE 2—CRroP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION:
EXPLOITING THE COLUMBIAN EXCHANGE

Long-term orientation

Whole world Old World
H_ ®» 3 _ & 6 __® @ ®
Crop yield 5.67 5.98 7.28 8.82 —3.76 1223 15.21
(pre-1500) (2.40)  (2.09) (2.29) (3.13) (5.41) (2.84) (3.51)
Crop yield change 7.88 8.77 9.83 2.50 795 1053
(post-1500) (3.08) (2.69) (3.11) (7.00) (2.56)  (3.30)
Crop growth cycle -3.77 4.46 —7.65
(pre-1500) (4.17) (10.20) (4.80)
Crop growth cycle change 0.16 —8.61 0.31
(post-1500) (1.90) (6.85) (1.73)
Crop yield 10.56  14.05
(ancestors, pre-1500) (2.35) (5.01)
Crop yield change 9.86 8.60
(anc., post-1500) (2.28)  (5.68)
Crop growth cycle -7.31 —12.61
(anc., pre-1500) (3.59) (10.09)
Crop growth cycle change 0.77 8.74
(anc., post-1500) (1.60)  (6.08)
Neolithic transition timing —7.05 —6.15 5.84 —5.06 —3.46
(2.90)  (2.96) (7.46) (2.73)  (2.77)
Neolithic transition timing (anc.) —-427 -8.11

(2.23)  (6.14)

Continent FE Yes Yes Yes Yes Yes Yes Yes Yes
Geographical controls No No Yes Yes Yes Yes Yes Yes
Old World sample No No No No No No Yes Yes
Adjusted R? 0.50 0.55 0.63 0.63 0.68 0.68 0.61 0.62
Observations 87 87 87 87 87 87 72 72

Notes: The table shows the effect of a country’s pre-1500CE potential crop yield and the post-1500CE change in
this yield in the course of the Columbian Exchange (measured in calories per hectare per year) on its level of long-
term orientation (measured on a scale of 0 to 100), accounting for continental fixed effects and the timing of the
transition to the Neolithic Revolution. Additional geographical controls include absolute latitude, mean elevation,
terrain roughness, distance to coast or river, and landlocked and island dummies. All independent variables have
been normalized by subtracting their mean and dividing by their standard deviation. Thus, all coefficients can be
compared and show the effect of a one standard deviation increase in the independent variable on long-term orien-
tation. Heteroskedasticity-robust standard error estimates are reported in parentheses.

the change in yield in the course of the Columbian Exchange increases long-term
orientation by 10.5 percentage points.

Mitigating Concerns about Omitted Variables.—The natural experiment asso-
ciated with the Columbian Exchange, and the differential assignment of superior
crops to different regions of the world, mitigates potential concerns about omitted
variables. In particular, this natural experiment is based on the identifying assump-
tion that, conditional on the pre-1500 distribution of potential crop yield and growth
cycle, the change in the potential crop yield and growth cycle resulting from the
i i issdistributed randomly, independently of any other attri-
e identifying assumption is that the changes in
itional on their pre-1500 levels, are orthogonal
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to the error term ¢; in equation (17). Online Appendix B.2 provides supportive evi-
dence for the plausibility of this assumption.

Moreover, using statistics on the selection on observables and unobservables
(Altonji, Elder, and Taber 2005; Bellows and Miguel 2009; Oster 2013), online
Appendix Tables B.8 and B.14 establish that the degree of omitted variable bias is
very low and is unlikely to explain the size of the estimated effect of crop yield and
its change. In particular, omitted factors would need to be 3 to 6 times more strongly
correlated with the change in crop yield than all the controls accounted for in order
to explain the estimated effect of the change in crop yield on long-term orientation.
Similarly, omitted factors would need to be at least 50 percent more strongly nega-
tively correlated with pre-1500 yield in order to explain the size of the coefficient,
suggesting that the estimated coefficient should be considered a lower bound of the
true effect. Indeed, in all specifications, the bias-adjusted estimated effect of pre-
1500 crop yield is strictly positive and larger than the OLS estimate (Oster 2014).

Sorting versus Cultural Evolution.—This subsection examines the relative con-
tributions of cultural evolution and sorting to the observed relation between crop
yield, growth cycle, and long-term orientation. The theory highlights the effect of
crop yield on the gradual propagation of traits for higher long-term orientation due
to the forces of natural selection and cultural evolution. A priori, however, the pos-
itive association between higher crop yield and long-term orientation could have
been partly generated by the sorting of high long-term individuals into high yield
regions. While the existence of this sorting process would not affect the nature of
the results (i.e., variations in the return to agricultural investment across the globe
would still be the origin of the spatial differences in time preference), it would affect
the interpretation of the results, regarding the comparative role of cultural evolution
in this association.

The natural experiment associated with the Columbian Exchange provides the
necessary ingredients to assess the relative contributions of the forces of cultural
evolution and sorting in the post-1500 era. While sorting could have been an import-
ant force in the pre-1500 period, and in particular during the demic diffusion of the
Neolithic Revolution across the globe, the results in Table 2 and online Appendix
Table B.11 suggest that it is an insignificant force in the post-1500 period. Moreover,
as suggested in the theory, if during the thousands of years elapsed since the onset of
the Neolithic Revolution (and prior to the Columbian Exchange), the composition
of time preference in each region had plausibly reached the proximity of its long-
run steady-state equilibrium (and is thus independent of the initial composition of
time preference in the region), then sorting and its effect on the initial distribution
of time preference would have had a negligible effect on long-term orientation in
the pre-1500 period and the relationship between long-term orientation and crop
yield, even in the pre-1500 era, would reflect primarily the forces of either cultural
or genetic evolution.

This research employs two strategies to establish the importance of cultural
evolution relative to sorting in the determination of long-term orientation in the
post=1500-period=Firstyrestrictingjthe analysis to countries that were not subjected
to large inflows of migrants in the post-1500 period, but nevertheless experienced
a change in their crop yield and growth cycle, the research isolates the effects of
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cultural evolution on long-term orientation from the potential effect of sorting.*
In particular, restricting the analysis to the Old World sample, as established in
columns 7 and 8 of Table 2, changes in crop yield in the post-1500 period have a
positive and significant effect on long-term orientation. Additionally, for a sample
of countries where at least 90 percent of the population descends from individuals
who were native to the location in 1500, the positive effect of changes in crop yield
in the post-1500 period on long-term orientation is even larger (online Appendix
Table B.11). These results suggest that cultural evolution is a significant force in the
determination of long-term orientation during the post-1500 period.

Second, comparing the whole world sample, where migration is prevalent, to the
previous subsamples, in which migration is low, facilitates the analysis of the poten-
tial contribution of sorting to long-term orientation. In particular, if sorting had taken
place, high long-term orientation individuals would have migrated to locations with
higher yields, and thus, one would observe a stronger association between changes
in the crop yield and long-term orientation in the whole world sample than the one
observed in the subsamples with low migration. But, as established in columns 4 and
5 of Table 2, the estimated effect of changes in crop yield in the whole world sample
is smaller than the estimated effect in the Old World sample as well as in the native
sample, even after adjusting for the ancestral composition of contemporary popula-
tions. This suggests that sorting played an insignificant role in the determination of
long-term orientation in the whole world sample during the post-1500 era.

Accounting for the Persistence of Historical Geographical Attributes.—This sub-
section examines the relative contributions of cultural evolution and the persistence
of geographical characteristics in the formation of long-term orientation. The nat-
ural experiment associated with the Columbian Exchange provides the necessary
ingredients to assess the relative contribution of historical geographical character-
istics to the formation of long-term orientation, as opposed to a potential contem-
porary association between geographical attributes, development outcomes and the
rate of time preference.

Focusing on crops that were available for cultivation in pre-1500CE era permits
the identification of the historical nature of the effect. Indeed, as established in
Table 2, crop yield in the pre-1500 era has a significant effect on the contemporary
level of long-term orientation. Moreover, the effect of historical yields remains
in effect even after accounting for migration, suggesting again that this trait is
culturally embodied. Furthermore, constraining the analysis to cells in which the
dominating crop had changed in the post-1500CE period, and thus abstracting
from cells in which the dominating contemporary crops are indistinguishable
from the historical ones, does not qualitatively alter the results (online Appendix
Table B.9).

22While 350-500 years (i.e., 18-25 generations), which is the time elapsed in different regions of the world
from 1500 until the decline in the significance of the agricultural sector, is perhaps a short (but not implausible)
period for genetic changes in the composition of traits, it is a sufficient time period for cultural evolution of traits,
reflectingythesprocessyoflearningitordelaysgratification as well as the vertical and horizontal transmission of long-
term orientation. In particular, a wide body of evidence about the convergence of cultural traits among immigrants
suggests that changes and convergence in |cultural traits can occur within few generations, indicating that in the
presence of proper economic incentives changes in cultural traits can occur rather rapidly.
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TABLE 3—CRrOP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION:
ACCOUNTING FOR THE PERSISTENCE OF DEVELOPMENT

Long-term orientation

Population density Urbanization GDP per capita
1500CE 1500CE 1800CE 1870CE 1913CE
) 0] 3 ® 6 © ™ (8)
Crop yield 11.05 11.52 10.01  11.08 11.54 11.54 14.19 12.66
(ancestors, pre-1500) (2.53)  (2.33) (3.68) (3.68) (3.18) (3.22) (5.08) (5.02)
Crop yield change 10.76  10.40 877  9.96 10.05 10.22 15.55 14.92
(post-1500) (2.89) (2.78) (3.35) (3.35) (3.23) (3.37) (3.22) (3.29)
Crop growth cycle —8.06 —1043 —-5.06 —-730 —8.60 —8.75 —12.58 —10.28
(anc., pre-1500) (4.06) (3.63) (5.28) (5.37) (4.68) (4.84) (6.44) (6.46)
Crop growth cycle ch. —-046 —1.06 1.06  0.55 0.07 0.03 2.14 3.31
(post-1500) (1.72)  (1.84) (291) (2.95) (2.37) (241) (3.38) (3.35)
Population density in 1500CE 3.76
(1.86)
Urbanization rate in 1500CE 1.90
(2.24)
Urbanization rate in 1800CE —0.57
(1.22)
GDP per capita 1870CE 10.57
(3.65)
GDP per capita 1913CE 10.99
(3.53)
Continental FE Yes Yes Yes Yes Yes Yes Yes Yes
Geograph. controls & Neolithic Yes Yes Yes Yes Yes Yes Yes Yes
Adjusted R? 0.65 0.67 0.60  0.60 0.63  0.62 0.59 0.59
Observations 87 87 65 65 79 79 50 50

Notes: The table shows the effect of a country’s pre-1500CE potential crop yield and its post-1500CE change in the
course of the Columbian Exchange (measured in calories per hectare per year) on its level of long-term orientation
(measured on a scale of 0 to 100), accounting for continental fixed effects, other geographical characteristics, tim-
ing of the Neolithic Revolution, and pre-industrial development (population density, urbanization rates, and GDP
per capita). Additional geographical controls include absolute latitude, mean elevation, terrain roughness, distance
to coast or river, and landlocked and island dummies. All independent variables have been normalized by subtract-
ing their mean and dividing by their standard deviation. Thus, all coefficients can be compared and show the effect
of a one standard deviation increase in the independent variable on long-term orientation. Heteroskedasticity-robust
standard error estimates are reported in parentheses.

C. Robustness

Persistence of Development.—This subsection establishes that the effect of crop
yield on long-term orientation is unaffected by the plausible effect of agricultural
productivity on pre-industrial population density, urbanization, and GDP per capita,
and their conceivable persistent effect on contemporary development (Ashraf and
Galor 2011; Nunn and Qian 2011). In particular, accounting for historical popu-
lation density as well as urbanization and GDP per capita permits the analysis to
isolate the cultural component of the effect of potential crop yield, from the per-
i ic prosperity.
ting for historical levels of population density,
the coefficients on crop yield and its change in
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the post-1500 period remain stable and statistically and economically significant.>*
Furthermore, the partial and semi-partial R? analysis suggest that the explanatory
power of crop yield and growth cycle, as well as their changes, is significantly larger
than alternative geographical and economic factors (online Appendix Table B.15).*

Alternative Cultural Characteristics.—This subsection establishes that the effect
of potential crop yield on long-term orientation does not capture its effect on a wide
range of other cultural characteristics proposed by Hofstede (1991), such as uncer-
tainty avoidance (the level of tolerance and rigidness of society), power distance
(the level of hierarchy and inequality of power), individualism (how individualistic
as opposed to collectivistic a society is), and masculinity (level of internal coop-
eration or competition).> In particular, as demonstrated in [Table 4, pre-1500CE
crop yield and its change do not affect this range of cultural characteristics, while
accounting for their potential confounding effects does not alter the effect of pre-
1500CE crop yield and its change on long-term orientation.”S Furthermore, while
crop yield has a marginally significant negative effect on generalized trust (Table 4)
accounting for trust does not alter the effect of crop yield on long-term orientation.

Risk, Trade, and Other Potential Channels.—The effect of crop yield on long-term
orientation is robust to a large set of alternative theories and confounding factors as
reported in online Appendix B. First, accounting for proxies of the extent of trade has
no qualitative effect on the analysis. In particular, as established in online Appendix
Tables B.17 and B.18, controlling for the existence of pre-industrial medium of
exchange, transportation technologies, trade routes, extent of trade, and area of a
country does not alter the effect of crop yield on long-term orientation.

Second, accounting for the climatic risk associated with agricultural investment
has no bearing on the result. While climatic volatility may adversely affect the effec-
tive return to agricultural investment, accounting for volatility in precipitation and
temperature, as well as for potential of spatial risk diversification, does not alter the
results qualitatively (online Appendix Table B.18), suggesting that the measure of
potential caloric yield may account for these factors. Furthermore, as established
in Table 4, crop yield and growth cycle do not affect uncertainty avoidance while
uncertainty avoidance does not alter the effect of crop yield and growth cycle on

23 A potential concern is the presence of measurement errors in the added historical controls, which might
underestimate their contribution to long-term orientation. However, these historical controls (with the exception of
population density in 1500) are (unconditionally) uncorrelated with long-term orientation and their inclusion does
not alter the quantitative results. Moreover, as shown in online Appendices B.2 and B.4, the return to agricultural
investment rather than aggregate agricultural productivity per se matters for long-term orientation.

24The partial and semi-partial R? analysis assesses the importance of the various independent variables in the
determination of the dependent variable. In particular, the partial R> of an independent variable x measures the
fraction of the residual variation in the dependent variable, y (after partialling out the contribution of all other inde-
pendent variables to y) that is explained by x (after partialling out the contribution of all other independent variables
to x). On the other hand, the semi-partial R? of an independent variable x measures the fraction of the fotal variation
in the dependent variable y that is explained by x (after partialling out the contribution of all other independent
variables to x). See Cohen et al. (2003).

25 As established in online Appendix Table B.24, long-term orientation is uncorrelated with Hofstede’s other
measuresiof culturegexceptforrestraintversusindulgence, which as discussed in online Appendix B.8 is an inferior
measure of time preference in comparison to long-term orientation.

2The analysis accounts for an expanded set of geographical controls in order to capture other proposed deter-
minants of these cultural traits (e.g., agricultural suitability and its negative association with trust: Litina 2016).
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TABLE 4—CRropP YIELD, GROWTH CYCLE, AND OTHER (Cultural) TRAITS

Cultural indices

Power Uncertainty
LTO Trust  Individualism distance  Cooperation avoidance
() 2 ©) ) ) (6)
Crop yield 9.43 —7.76 —11.85 5.76 —8.11 3.70
(ancestors, pre-1500) (3.46) (4.01) (7.15) (6.62) (6.58) (6.42)
Crop yield change 8.15 —0.62 —3.12 1.77 —1.48 —0.17
(anc., post-1500) (2.09) (3.55) (2.85) (2.63) (2.45) (2.33)
Crop growth cycle —6.60 0.64 3.27 —1.54 4.79 5.04
(anc., pre-1500) (3.82) (4.95) (5.64) (6.57) (6.73) (6.43)
Crop growth cycle change —1.07 1.94 —3.70 —0.69 2.99 —0.11
(anc., post-1500) (1.76) (2.11) (3.18) (3.02) (2.53) (3.32)
Continental FE Yes Yes Yes Yes Yes Yes
All geographical controls Yes Yes Yes Yes Yes Yes
Agr. suitability and Neolithic Yes Yes Yes Yes Yes Yes
Adjusted R? 0.70 0.45 0.67 0.38 0.44 0.59
Observations 85 83 60 60 60 60

Notes: The table analyzes the relation between various societal preferences and cultural indices and pre-1500CE
potential crop yield, growth cycle, and their changes in the post-1500CE period as experienced by the country’s
ancestral populations. All columns account for continental fixed effects, geographical controls, and the land suitabil-
ity and the timing of transition to agriculture experienced by the ancestral populations of the country. Geographical
controls include absolute latitude, mean elevation above sea level, terrain roughness, distance to coast or river, land-
locked and island dummies, precipitation, temperature, and shares of land in tropical, subtropical, and in temperate
climate zones. All independent variables have been normalized by subtracting their mean and dividing by their stan-
dard deviation. Thus, all coefficients can be compared and show the effect of a one standard deviation in the inde-
pendent variable. Heteroskedasticity-robust standard error estimates are reported in parentheses.

long-term orientation, suggesting that while crop yield has generated an evolution-
ary process in long-term orientation it has not triggered a corresponding process in
the evolution of risk aversion.

Third, a large number of additional pre-industrial and contemporary confounding
factors that might be correlated with long-term orientation, crop yield, and growth
cycles do not have a qualitative effect on the analysis. In particular, as established
in online Appendix Tables B.16, B.19, B.20, and B.28, accounting for the structure
of languages (Chen 2013), the availability of the plough (Alesina, Giuliano, and
Nunn 2013), income inequality, the population’s age structure, life-expectancy, and
religious composition does not alter the results. Moreover, the analysis is robust to
the correction of standard errors for spatial autocorrelation (online Appendix Tables
B.13 and B.14).

IV. Crop Yield and Long-Term Oriented Behavior
(Second-Generation Migrants)

This section analyzes the effect of pre-1500CE crop yield, growth cycle, and
their changes in the course of the Columbian Exchange on long-term orientation
and long-term oriented behavior of second-generation migrants in Europe and
the United States.”’ In particular, it analyzes the effect of crop yield on long-term

ts is composed of all respondents who were born in the country
t one of their parents was not born in that country. The inclusion
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orientation and saving behavior as reported in the European Social Survey (ESS),?®
and on smoking behavior as reported in the General Social Survey (GSS).

The analysis of second-generation migrants accounts for time invariant unob-
served heterogeneity in the host country (e.g., geographical, cultural, and institutional
characteristics), mitigating possible concerns about the confounding effect of host
country-specific characteristics. Moreover, since crop yield in the parental country
of origin is distinct from the crop yield in the country of residence, the estimated
effect of crop yield in the country of origin captures the culturally embodied, inter-
generationally transmitted effect of crop yield on long-term orientation, rather than
the direct effect of geography.

A. Crop Yield and Long-Term Orientation

This subsection analyzes the effect of pre-1500CE crop yield, growth cycle, and
their changes in the course of the Columbian Exchange on the long-term orientation
of second-generation migrants in Europe. The effect of potential crop yield on long-
term orientation is estimated via OLS.

(18) LTO;, = By + B yield?. + 85" Ayield?. + 35°% growth cycle?.

+ 85" Acycle?, + Z’Yo;xféj + 7 YSTE + ZszYicj =+ Z%(sic =+ €ies
J J ¢

where LTO;. is the long-term orientation of second-generation migrant i in country
¢, yield?., Ayield?,, growth cycle?. and Acycle’. are measured in the country of
origin of parent p of individual 7 in country c¢; XZ; is geographical characteristic j of
the country of origin of parent p of individual i in country ¢; YST £, is the number of
years since the country of origin of parent p of individual i in country c¢ transitioned
to agriculture; Y;; is characteristic j of individual 7 in country ¢ (sex, age, education,
marital status, health status, religiosity);*’ d;. is the country of birth fixed effect of
individual /; and €, is the error term. The theory predicts a positive effect of pre-1500
crop yield and its change on long-term orientation (i.e., 31°® > 0and 3" > 0).
establishes the positive statistically and economically significant effect
of crop yield on long-term orientation. The estimated effect implies that increas-
ing pre-1500CE crop yield in the parental country of origin by one standard
deviation increases long-term orientation of second-generation migrants by 2—-6

of individuals with at least one foreign-born parent (rather than individuals whose parents are both foreign-born),
might lower the estimated effect of the culturally embodied and intergenerationally transmitted effect of crop yield,
but increases the sample size nearly five-fold. As established below and in online Appendix B.11, the results are
robust to constraining the sample to individuals whose parents are both foreign-born (either in same or different
country).

28 The measure of long-term orientation used in this section is based on the answer to the question “Do you
generally plan for your future or do you just take each day as it comes?” The original answers were renormal-
ized so that long-term orientation is measured between 0 (short term-orientation) and 100 (long-term orientation).
Reassuringly, this measure of long-term orientation and the respondent’s completed number of years of schooling
and total household income are strongly positively correlated (Tables B.32 and B.33). Saving behavior is based on
theranswertortherquestions*“Pleasesthinksaboutall types of savings such as bank accounts, investments, private and
company pensions as well as property. Are you currently saving or have you saved in the past specifically in order
to live comfortably in your old age?” Original answers have been recoded so that “Yes=1"" and “No=0.”

22The inclusion of individuals’ incomes does not alter the results but reduces the sample size by nearly 50 percent.
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TABLE 5—CRroP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION OF SECOND-GENERATION MIGRANTS

Long-term orientation

Either parent Mother Father Both
(1) 2 ®) “) ) (6) 0 ®)
Crop yield 2.34 2.66 3.25 3.62 2.48 3.13 5.12 5.72
(ancestors, pre-1500) (0.79)  (0.96) (1.10)  (1.30) (1.00) (1.12) (2.42) (2.43)
Crop yield change 0.55 0.70 0.47 1.06 0.53 0.41 1.78 2.07
(post-1500) (0.63) (0.57) (0.75)  (0.82) (0.91)  (0.99) (1.32)  (1.74)
Crop growth cycle —0.82 —1.08 —1.81 —2.29
(ancestors, pre-1500) (0.98) (1.56) (1.42) (2.78)
Crop growth cycle change —0.15 —1.11 0.61 0.02
(post-1500) (0.60) (0.65) (0.81) (1.31)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes
Individual characteristics Yes Yes Yes Yes Yes Yes Yes Yes
All geographical controls Yes Yes Yes Yes Yes Yes Yes Yes
and Neolithic
Adjusted R? 0.06 0.06 0.05 0.05 0.06 0.06 0.04 0.04
Observations 2,584 2,584 1,596 1,596 1,686 1,686 568 568

Notes: The table shows the effect of pre-1500CE potential crop yield and its post-1500CE change (measured in cal-
ories per hectare per year) in the parental country of origin on second generation migrant’s long-term orientation
(measured on a scale of 0 to 100). All columns account for country of birth fixed effects, individual characteris-
tics (age, gender, education, religiosity, health status), and geographical controls from the parental country of ori-
gin (absolute latitude, mean elevation above sea level, terrain roughness, distance to coast or river, landlocked and
island dummies). All independent variables have been normalized by subtracting their mean and dividing by their
standard deviation. Thus, all coefficients can be compared and show the effect of a one standard deviation in the
independent variable. Heteroskedasticity-robust standard error estimates clustered at the parental country of origin
level are reported in parentheses.

percentage points. This result accounts for country of birth fixed effects, individ-
ual characteristics, and other geographical characteristics of the parental country
of origin. Moreover, focusing on individuals who have at least one foreign-born
parent (columns 1 and 2), foreign-born mother (columns 3 and 4), or foreign-born
father (columns 5 and 6), or whose mother and father were born in the same foreign
country, does not alter the results. Furthermore, the results are robust to the estima-
tion method (i.e., OLS versus ordered probit), a wide range of controls, and various
weighting schemes (online Appendix B.11).

B. Crop Yield, Growth Cycle, Saving, and Smoking

This subsection examines the effect of pre-1500 potential crop yield, growth cycle,
and their changes on saving and smoking behavior of second-generation migrants,
in light of the conjectured positive association between long-term orientation and
saving, and the negative association between long-term orientation and smoking.*"

3OS1m11arly, one could con]ecture a positive association between long-term orientation and education. As
Xists a positive statistically and economically significant effect of
wever, in light of the significant measurement errors in the educa-
s appears less robust. Indeed, the cross-country analysis in online
re-1500CE crop yield on education is robust and highly significant.
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TABLE 6—CROP YIELD, GROWTH CYCLE, AND SAVING OF SECOND-GENERATION MIGRANTS

Saving
Either parent Mother Father Both
(1) 2 3) ) ) (6) (™) (8)
Crop yield 0.06 0.02 0.05 0.02 0.08 0.03 0.06 0.02
(ancestors, pre-1500) (0.03)  (0.03) (0.03)  (0.03) (0.03) (0.03) (0.05)  (0.06)
Crop yield change 0.03 0.03 0.03 0.02 0.05 0.04 0.10 0.08
(post-1500) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0.03)  (0.03)
Crop growth cycle —-0.06 —0.02 —-0.05 —0.01 —0.08 —0.03 —-0.12  —-0.05
(ancestors, pre-1500) (0.03)  (0.03) (0.04)  (0.04) (0.04)  (0.04) (0.06)  (0.06)
Crop growth cycle change —-0.02 —-0.02 —-0.01 —0.01 —-0.03 —-0.03 —-0.02 —0.02
(post-1500) (0.02) (0.01) (0.01) (0.01) (0.02) (0.02) (0.03) (0.02)
Long-term orientation 0.07 0.06 0.08 0.09
(0.02) (0.02) (0.02) (0.04)
Country FE Yes Yes Yes Yes Yes Yes Yes Yes
Individual characteristics Yes Yes Yes Yes Yes Yes Yes Yes
Geographical controls Yes Yes Yes Yes Yes Yes Yes Yes
and Neolithic
Adjusted R? 0.15 0.16 0.15 0.15 0.15 0.16 0.16 0.16
Observations 2,334 2,334 1,435 1,435 1,503 1,503 509 509

Notes: The table shows the effect of pre-1500CE potential crop yield and its post-1500CE change (measured in
calories per hectare per year) in the parental country of origin on second generation migrant’s saving behavior.
Moreover, it suggests that the effect of crop yield on saving behavior is mediated by long-term orientation. All col-
umns account for country of birth fixed effects, individual characteristics (age, gender), and geographical controls
from the parental country of origin (absolute latitude, mean elevation above sea level, terrain roughness, distance
to coast or river, landlocked and island dummies). All independent variables have been normalized by subtracting
their mean and dividing by their standard deviation. Thus, all coefficients can be compared and show the effect of a
one standard deviation in the independent variable. Heteroskedasticity-robust standard error estimates clustered at
the country of origin of parents level are reported in parentheses.

establishes a positive effect of pre-1500CE crop yield and its change in
the course of the Columbian Exchange on saving behavior of second-generation
migrants. In particular, the estimated OLS effect suggests that a one standard devi-
ation increase in pre-1500CE crop yield raises the probability of saving by 2-8
percentage points. Similarly, a one standard deviation increase in the change in crop
yield in the post-1500CE period raises the probability of saving by 2—10 percent-
age points. Moreover, it establishes that the effect of crop yield on saving behavior
is mediated by long-term orientation. In particular, the highly significant positive
effect of crop yield in the pre-1500CE era on contemporary saving dissipates once
one accounts for long-term orientation and the effect of the change in crop yield in
the post-1500CE is weakened.

[Table 7|establishes a negative effect of pre-1500CE crop yield and its change on
smoking behavior of second-generation migrants in the United States. In particular,
it establishes that the probability of being a habitual smoker would have been 4 per-
centage points lower if pre-1500CE crop yield in the parental country of origin had
been one standard deviation higher. Similarly, the probability of having ever smoked
decreases by 10—14 percentage points if crop yield in the country of parental origin
increased by one standard deviation.?"

ating the effect of crop yield on smoking is insignificant, possibly
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TABLE 7—CRoP YIELD, GROWTH CYCLE, AND SMOKING BEHAVIOR
OF SECOND-GENERATION MIGRANTS

Smoking
Either parent Both
Habit Ever Habit Ever
(1 © ©) 4)
Crop yield (ancestors, pre-1500) —0.04 —-0.10 —0.04 —0.14
(0.02) (0.02) (0.02) (0.03)
Crop yield change (post-1500) —0.00 0.05 —0.01 —0.02
(0.02) (0.03) (0.02) (0.02)
Crop growth cycle (ancestors, pre-1500) 0.00 0.05 0.00 0.13
(0.02) (0.02) (0.03) (0.04)
Crop growth cycle change (post-1500) —0.01 0.00 —0.00 0.05
(0.02) (0.03) (0.02) (0.02)
Individual controls Yes Yes Yes Yes
Region and year FE Yes Yes Yes Yes
Geographical controls and Neolithic Yes Yes Yes Yes
Adjusted R? 0.07 0.11 0.07 0.16
Observations 1,532 915 794 480

Notes: The table shows the effect of pre-1500CE potential crop yield and its post-1500CE
change in the course of the Columbian Exchange (measured in calories per hectare per year) in
the parental country of origin on second generation migrant’s smoking behavior. All columns
account for country of birth fixed effects, individual characteristics (age, gender, education,
religiosity, health status), and geographical controls from the parental country of origin (abso-
lute latitude, mean elevation above sea level, terrain roughness, distance to coast or river, land-
locked and island dummies). All independent variables have been normalized by subtracting
their mean and dividing by their standard deviation. Thus, all coefficients can be compared and
show the effect of a one standard deviation in the independent variable. Heteroskedasticity-
robust standard error estimates clustered at the country of origin of parents level are reported
in parentheses.

Thus, as posited by the theory, individuals whose ancestors experienced higher
crop yields have higher long-term orientation and exhibit more long-term oriented
behavior. Moreover, the focus on second generation migrants suggests that the effect
of crop yield is culturally embodied and intergenerationally transmitted.

V. Crop Yield and Long-Term Orientation (across Individuals and Regions)
This section uses the World Values Survey (WVS) to provide additional evidence
on the effect of crop yield and crop growth cycle on: (i) individuals’ long-term ori-
entation; and (ii) the share of long-term oriented individuals in a region.%

A. Individual-Level Analysis

The empirical analysis estimates the effect of crop yield and crop growth cycle
using both the linear probability and probit models, given the binary nature of the

ased on the following question in the WVS: “Here is a list of qual-
home. Which, if any, do you consider to be especially important?”
entation if they answered “Thrift, saving money and things.”
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dependent variable in the individual-level analysis. In particular, the empirical spec-
ification is

(19)  LTO,,, = [y + B1*Pyield, + 37" Ayield, + B3> growth cycle,
+ B9 Acycle, + Z’YOchj + 1YST, + Z%J‘Y icwj
J J
+ ;70W6CW + €icw»

where LTO,,,, € {O, 1} denotes the long-term orientation of individual i in coun-
try ¢ during wave w of the WVS; yield, and growth cycle,. are the pre-1500 crop
measures in country c¢; Ayield, and Acycle, are the change in the crop measures in
country ¢ caused by the Columbian Exchange; X, is geographical characteristic j of
country c; YST, is the number of years since country c transitioned to agriculture;
Y, is characteristic j (sex, age, education, income) of individual i in country ¢
during wave w; {(5CW} is a complete set of continent and wave fixed effects; and ¢,
is the error term. The theory predicts a positive effect of crop yield and its change on
long-term orientation (i.e., 3}°® > 0and 37" > 0).

[Table 8|establishes the positive statistically and economically significant effect of
pre-1500CE crop yield on individuals’ long-term orientation. The result is robust to
the inclusion of wave and continental fixed effects (column 1), geographical charac-
teristics (column 2), the number of years since transition to agriculture (column 3),
and individual’s gender, age, income, and education levels (column 4). The esti-
mated effect suggests that a one standard deviation increase in pre-1500CE crop
yield increases the probability of having long-term orientation by 3.2 percentage
points.

Moreover, the change in crop yield generated by the Columbian Exchange has
a positive effect on long-term orientation (column 5). The estimated effect of crop
yield and its change on long-term orientation is robust to the inclusion of the crop
growth cycle and its change (columns 6). Moreover, accounting for the ancestral
composition of the contemporary population (column 7) and constraining the sam-
ple to the Old World (column 8) increases the estimated effect of pre-1500CE crop
yield: a one standard deviation increase in crop yield increases the probability of hav-
ing long-term orientation by 4.3 and 6.6 percentage point, respectively, in columns
7 and 8. Additionally, a one standard deviation increase in the post-1500 change in
crop yield increases long-term orientation by 4.1 and 5.5 percentage points, respec-
tively. The results based on the ancestral composition of the population further sug-
gest that the effect of crop yield is culturally embodied and that the crop yield faced
by the ancestral populations played a crucial role in the determination of the con-
temporary level of long-term orientation.’

In light of the limited ability to associate individuals within a country with their
regional ancestry, the location of the interview is used as the individual’s ancestral
region of origin. However, in countries in which cross-regional migration is prev-
alent, this proxy is inaccurate, and consequently, as reported in online Appendix

33 Estimating a probit model does not alter the results (online Appendix Table B.37). Similarly, the results are
not affected by various weighting schemes (online Appendix Table B.38).
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TABLE 8—CRoP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION:
COUNTRY-LEVEL ANALYSIS BASED ON WVS

Long-term orientation (OLS)

Whole world Old World
) O] 3 “4) ®) (6) (™ 8

Crop yield 0.025 0.040 0.036 0.032 0.032 0.031 0.066

(pre-1500) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003)
Crop yield change 0.053  0.054 0.055

(post-1500) (0.002) (0.002) (0.003)
Crop growth cycle —0.007 —0.018

(pre-1500) (0.003) (0.003)
Crop growth cycle change 0.025 0.026

(post-1500) (0.002) (0.002)
Crop yield 0.043

(anc., pre-1500) (0.002)
Crop yield change 0.041

(anc., post-1500) (0.002)
Crop growth cycle —0.005

(anc., pre-1500) (0.003)
Crop growth cycle change 0.018

(anc., post-1500) (0.002)
Wave and continent FE Yes Yes Yes Yes Yes Yes Yes Yes
Geographical controls and Neolithic ~No Yes Yes Yes Yes Yes Yes Yes
Individual characteristics No No No Yes Yes Yes Yes Yes
Old World subsample No No No No No No No Yes
Adjusted R? 0.02 0.02 0.02 0.04 0.04 0.04 0.05 0.05
Observations 217,953 217,953 217,953 217,953 217,953 217,953 217,953 176,489

Notes: The table shows the effect of a country’s pre-1500CE potential crop yield and its post-1500CE change in the
course of the Columbian Exchange (measured in calories per hectare per year) on individual’s level of long-term
orientation. All columns include continental and interview-wave fixed effects. Geographical controls are absolute
latitude, mean elevation above sea level, terrain roughness, distance to coast or river, landlocked and island dum-
mies. Individual characteristics are age, sex, education, and income. Columns 1-7 show the results for the whole
world sample, while column 8 shows the results for the Old World sample. All independent variables have been
normalized by subtracting their mean and dividing by their standard deviation. Thus, all coefficients can be com-
pared and show the effect of a one standard deviation increase in the independent variable on long-term orientation.
Heteroskedasticity-robust standard error estimates clustered at the region of interview and individual characteristics
level are reported in parentheses.

Table B.39, the estimated effect of crop yield on long-term orientation is an order
of magnitude smaller and somewhat less significant once one accounts for country
fixed effects.

B. Regional-Level Analysis

This section analyzes the determinants of the average level of long-term orien-
tation across regions. It establishes the robustness of the results to the inclusion
of country fixed effects once (i) individual responses are aggregated within each
region, mitigating the effect of idiosyncratic shocks; (ii) observations are weighted
by the scale of each region, mitigating the effect of internal migration on the mea-
surement errors in mapping individuals to their ancestral region of origin; (iii) post-
in each region are used, reducing measurement
re-1500 crop yield in the region to the ancestral
ently residing in the region.
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TABLE 9—CRroP YIELD, GROWTH CYCLE, AND LONG-TERM ORIENTATION:
REGIONAL-LEVEL ANALYSIS BASED ON WVS
Share of individuals in WVS region with long-term orientation
‘Whole world Old World
Weighted:
Unweighted Weighted: area area share Area  Share
m @ 6 ©® 6 ©® O © 9 (10 (an (12
Crop yield 0.049 0.046 0.053 0.097 0.032 0.031 0.039  0.032
(0.012) (0.013) (0.017) (0.033) (0.012) (0.013) (0.015) (0.013)
Crop growth cycle —0.010 —0.047 —0.024 —0.036 —0.027 —0.036
(0.012) (0.021) (0.010) (0.009) (0.009) (0.008)
Crop yield 0.077 0.133 0.043 0.041
(ancestors) (0.020) (0.032) (0.017) (0.017)
Crop growth cycle —0.012 —0.050 —0.027 —0.037
(ancestors) (0.013) (0.018) (0.009) (0.009)
Continental FE Yes Yes Yes Yes Yes Yes No No No No No No
Country FE No No No No No No Yes Yes Yes Yes Yes Yes
Geographical controls ~ No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Old World sample No No No No No No No No No No Yes Yes
Weighted by No No No No Yes Yes Yes Yes No No Yes No
region area
Weighted by region’s ~ No No No No No No No No Yes Yes No Yes
share of area
Adjusted R* 022 025 025 028 028 037 072 072 0.86  0.86 0.72 0.86
Observations 1,356 1,356 1,356 1,356 1,356 1,356 1,356 1,356 1,356 1,356 1,143 1,143

Notes: The table shows the effect of a region’s pre-1500CE potential crop yield and its post-1500CE change in the
course of the Columbian Exchange (measured in calories per hectare per year) on the share of its population with
long-term orientation, accounting of country fixed effects. Geographical controls are absolute latitude, mean eleva-
tion above sea level, terrain roughness, percentage of land within 100km of sea, landlocked dummy, and area suit-
able for agriculture. Columns 1-4 show the unweighted results; columns 5-8 weight observations according to the
region’s area; columns 9-10 weight observations according to the region’s area as a share of the country’s area; and
columns 11-12 conduct the analysis for the Old World sample. All independent variables have been normalized by
subtracting their mean and dividing by their standard deviation. Thus, all coefficients can be compared and show the
effect of a one standard deviation increase in the independent variable on long-term orientation. Heteroskedasticity-
robust standard error estimates clustered at the country level are reported in parentheses.

As established in columns 1-3 in crop yield has a positive statistically
and economically significant effect on regional long-term orientation, accounting
for continental fixed effects, geographical characteristics, and crop growth cycle.
The estimated effect of crop yield implies that a one standard deviation increase in
a region’s crop yield increases its average long-term orientation by 5.3 percentage
points. Column 4 accounts for cross-country migration. Adjusting for the ancestral
composition of the population increases the absolute size of the estimated effect. In
particular, an increase of one standard deviation in the crop yield experienced by
a region’s ancestral populations increases its average long-term orientation by 7.7
percentage points.

Columns 5 and 6 weigh regions according to their area in order to account for
possible measurement errors caused by internal migration. Indeed, assigning higher
weights to regions with larger areas, doubles the coefficient on crop yield and gen-
i i fficient on crop growth cycle. Columns 7 and 8
evel unobservable heterogeneity. While the coef-
t on both crop yield and crop growth cycle, the
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TABLE 10—CRroP YIELD, GROWTH CYCLE, AND TECHNOLOGICAL ADOPTION

Major technological changes (probit)

(1) (2) G) ) ) (6)

Crop yield (pre-1500) 0.10 0.13 0.12 0.16 0.30 0.33
(0.05) (0.05) (0.05) (0.08) (0.08) (0.08)

Crop yield ch. (post-1500) —0.02 0.00 0.03 —0.01
(0.06) (0.07) (0.07) (0.09)

Crop cycle (pre-1500) —0.07 —0.04 —0.01
(0.09) (0.08) (0.08)

Crop growth cycle ch. (post-1500) —0.02 0.03 0.02
(0.06) (0.06) (0.06)

Geographical controls No Yes Yes Yes Yes Yes
Language family FE No No No No Yes Yes
Continental FE No No No No No Yes
Pseudo-R> 0.04 0.13 0.13 0.14 0.34 0.37

Observations 86 86 86 86 86 86

Notes: The table establishes the effect of pre-1500CE crop yield, growth cycle, and their changes on technological
progress as reflected in the adoption of industrialization, factories, mining, large machinery, etc. The table reports
the average marginal effects of probit regressions. All independent variables have been normalized by subtracting
their mean and dividing by their standard deviation. Thus, all coefficients can be compared and show the effect of
a one standard deviation in the independent variable. Geographical controls include absolute latitude, area of eth-
nic homeland, mean elevation, mean precipitation and temperature levels, terrain ruggedness, share of land within
100km of sea, length of coastline, and malaria ecology. Heteroskedasticity-robust standard error estimates are
reported in parentheses.

effect of both variables remains statistically and economically significant. Columns
9 and 10 weigh regions according to their area’s share within the country, and the
results are qualitatively unchanged. Finally, columns 11 and 12 establish that the
results are unaffected by constraining the sample to the Old World.

VI. Additional Predictions and Evidence
A. Crop Yield, Growth Cycle, and Technological Adoption

This subsection explores the reduced form effect of crop yield and growth cycle
on technological adoption. In light of the plausible association between long-term
orientation and technological adoption, the theory suggests that regions character-
ized by higher crop yield would be more technologically advanced. Using ethnic
level data from the Standard Cross Cultural Sample (Murdock and White 1969),
establishes that societies whose ancestral populations were exposed
to higher crop yield had a higher probability of adopting major technological
innovations.*¥ Moreover, pre-1500CE crop yield has qualitatively similar effects
on the number of technologies adopted by these ethnic groups (online Appendix
Tables B.42 and B.43).

>, indica rice, and greengram) in sub-Saharan Africa are excluded
sed earlier, the presence of these crops in sub-Saharan Africa has
ect of the change in crop yield in the post-1500 period is the signif-
opendix Table B.41).
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Furthermore, some prominent production processes that are notorious for their
lengthy production cycles appear to be located in regions that are characterized by
high potential caloric yield. In particular, the production of the Modena and Reggio
Emilia balsamic Vinegar (cycles of 12 to 25 years) and the Parmigiano-Reggiano
cheese (cycles of 12 to 36 months) that were originated in the Middle Ages are
located in the region of Emilia-Romagna, which has the highest crop yield among
all Italian regions (online Appendix Figure B.6).

B. Crop Yield, Growth Cycle, and Population Density

This subsection examines the conjectured effect of crop yield and growth cycle
on reproductive success and thus on population density. In particular, the theory
suggests that during the Malthusian era individuals with higher long-term orien-
tation had higher reproductive success. Thus, regions characterized by a larger
share of individuals with higher long-term orientation would be expected to have
higher population density. Consistent with this prediction, online Appendix Table
B.21 establishes that higher crop yield is associated with higher population den-
sity in the year 1500. It should be noted that in the post-demographic transition
era when reproductive success is no longer correlated with income, the association
between long-term orientation and population density will vanish. Instead, long-
term orientation would be expected to be correlated with the education of children
rather than their number. Indeed, as established in online Appendix Table B.22,
education in the contemporary period is positively correlated with pre-1500CE
crop yield.

VII. Concluding Remarks

This research explores the role of evolutionary processes in the emergence and
persistence of cultural traits across countries and regions. It advances the hypoth-
esis and establishes empirically that geographical variations in the natural return
to agricultural investment have had a persistent effect on the distribution of time
preference across societies, highlighting the role of the forces of natural selection
and cultural evolution in the propagation of this trait over time. The methodology
advanced in this research could be exploited to shed light on the geographical ori-
gins of the contemporary distribution of human traits (e.g., risk aversion, cooper-
ation, trust, entrepreneurship, individualism) and their pivotal role in comparative
economic development. In particular, the identification of the importance of evo-
lutionary processes in linking initial geographical conditions and contemporary
economic outcomes provides a novel angle that may be further exploited in future
research to explore the mechanisms through which historical factors have affected
differentially the development process across the globe.

Furthermore, the identification of the deep roots of the contemporary distri-
bution of time preference across the globe provides an essential ingredient in the
long-standing quest for understanding and quantifying the effect of time preference
oncomparativereconomicidevelopment. In particular, the agricultural origins of time
preference permit the exploration of the reduced-form effect of a determinant of
long-term orientation on human behavior and economic development.
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