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Abstract

This paper studies the economic consequences of conflicts between timing institutions,
the rules that govern when schooling, work, and other activities take place, and local
economic conditions. We focus on the overlap between school calendars and local agricul-
tural cycles, and document systematic misalignment between the two across countries in
southern latitudes. These patterns reflect institutional legacies, as inherited institutions
continue to shape the design of school calendars in previously colonized countries. Ex-
ploiting this colonial variation as an instrument, our cross-country estimates indicate that
greater overlap between school terms and agricultural labor demand increases school
dropout rates. To identify the underlying mechanism, we use school-level data to study
a calendar reform in Colombia that exogenously increased overlap in two departments.
Using a synthetic difference-in-differences approach, we find that calendar misalignment
induces a trade-off between schooling and labor, resulting in higher dropout and lower
enrollment in rural areas. Our findings highlight the importance of timing institutions as a
determinant of human capital accumulation and suggest that aligning social institutions

with local economic conditions can generate substantial gains for economic development.
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1. Introduction

Institutions shape economic outcomes not only by what they prescribe, but by when they
prescribe it. A foundational insight in development economics is that institutions are key
determinants of long-run economic performance (Acemoglu et al., 2001; Glaeser et al., 2004).
Most of this literature studies what institutions do. Property rights, legal systems, and political
authority have received sustained attention as drivers of economic outcomes. Yet, institutions
also shape behavior through a second dimension that remains largely unexplored. They
determine when economic activity takes place.

Timing institutions are everywhere. School calendars dictate when children attend class.
Office and business hours shape when adults work. Tax cycles and electoral schedules govern
when major civic obligations occur. Each of these arrangements coordinates millions of people
around a common temporal structure. When the timing they impose aligns with the rhythm
of local economic activity, they go unnoticed. When it does not, they generate frictions
with relevant consequences for individual decisions and aggregate outcomes. Despite how
common they are, the economic effects of timing institutions remain understudied. This
paper provides systematic evidence that timing institutions are quantitatively important for
economic development. We focus on a particularly consequential one, the school calendar, and
study how its misalignment with local agricultural cycles shapes human capital accumulation
in agrarian economies.

To assess the scope and consequences of this institutional misalignment, we begin by
documenting cross-country patterns. We assemble a data set of school calendars around the
world and find that countries in southern latitudes mirror northern school calendars despite
facing different climatic conditions. We then compare these calendars with local agricultural
timing across countries and find that many of them exhibit substantial overlap between periods
when schools are in session and local harvest seasons. This overlap is larger among countries
in southern latitudes and former colonies, which often retain school calendars inherited from
their colonizers even when geographic and seasonal conditions differ substantially. These
patterns are consistent with a broader view in which institutional transfers persist and continue
to shape economic outcomes long after the colonial period ends (Acemoglu et al., 2001; Glaeser
et al., 2004; Bolt and Bezemer, 2009), and suggest that school calendar design in some countries
is largely determined by historical institutional factors rather than local economic conditions.

To estimate the causal effect of calendar overlap on school dropout, we instrument using
colonial institutional legacies. Specifically, we exploit the interaction between the colonizer’s
school calendar and the agricultural cycles predicted by a country’s geography. We find
that a one percentage point increase in overlap raises the share of children out of school by
approximately 0.4 percentage points. While these estimates are informative about the global
scope of the misalignment, they mask relevant within-country heterogeneity and are subject
to potential measurement error.

To address this, we turn to a natural experiment in Colombia that exploits within-country

variation. This setting allows us to hold constant country-level factors and exploit granular
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school-level data to study the mechanism behind the cross-country results directly. The policy
reform shifted the academic calendars of public schools in two departments (Narifio and Valle
del Cauca) from a September-June schedule, mirroring Northern Hemisphere systems, to a
January-November calendar aligned with the rest of the country. -2 Importantly, the reform did
not alter curricula, assessments, or school resources. It only changed the timing of instruction
during the year, increasing the overlap between schooling and periods of peak agricultural
labor demand by 2 percentage points, on average, in affected regions.

Using administrative school census data covering the universe of public rural schools in
Colombia, and implementing a synthetic difference-in-differences (SDID) design, we estimate
the causal effects of this calendar shift. Total enrollment fell by nearly 25 percent in the
impacted regions. Dropout rates rose by 1 to 2 percentage points on average, representing
about a 50 percent increase relative to the pre-reform baseline. Grade promotion fell by about
2.5 percentage points, an intensive-margin response distinct from dropout. These effects
are economically large, persistent over time, and concentrated among primary-school-aged
children in rural areas.

The magnitudes implied by the Colombian reform line up with those from our cross-
country instrumental variable estimates. The cross-country evidence implies that a 1 per-
centage point increase in calendar overlap raises school dropout by 0.4 to 0.5 percentage
points. The Colombian reform increased the average overlap between school and agricultural
calendars by approximately 2 percentage points and raised dropout by 1 to 2 percentage
points, which corresponds to a 0.5 to 1 percentage point increase in dropout per percentage
point of overlap. Two independent identi cation strategies thus deliver broadly consistent
magnitudes and indicate that calendar alignment is a quantitatively important margin for
human capital accumulation.

We provide direct evidence on the mechanism in two steps. First, we construct a measure
of calendar overlap at the school level by combining regional school calendars with granular
spatial data on crop-speci ¢ harvesting cycles. We show that schools experiencing larger in-
creases in overlap exhibit signi cantly larger increases in dropout and declines in enrollment,
whereas those not exposed to an increase in overlap show no detectable effects. Second, we
use nationally representative household survey data and a difference-in-differences design to
estimate the effect of the reform on child labor. We nd that the probability of children engag-
ing in rural work rose by approximately 5 to 10 percentage points in affected municipalities
following the reform, with the increase concentrated among primary-school-aged children,
closely mirroring the patterns observed in schooling outcomes. These results provide direct
causal evidence of a time-allocation mechanism, in which greater overlap between academic
calendars and agricultural cycles raises the opportunity cost of schooling, leading households
to substitute children's schooling with labor supply during peak agricultural periods.

Our results are robust to several alternative speci cations. First, the ndings are stable

IDepartments are like States in the U.S.
’De Roux and Riehl (2022) exploit the same reform to study a different question, namely how the resulting
academic break between high school and college affected college enroliment and early-career earnings.
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across alternative de nitions of harvesting intensity, including different thresholds of the
annual harvesting distribution. Second, we assess the stable unit treatment value assumption
(SUTVA) by examining student transfers and migration patterns. We nd no evidence of
reform-induced changes in either margin, suggesting that the estimates are not driven by
student reallocation across regions. Third, we re-estimate the main effects using a conventional
difference-in-differences design with a comparison group of untreated departments selected
on agricultural specialization and pre-reform characteristics. The estimates closely match
those from our main empirical approach.

Our study contributes to three strands of the economics literature. First, it contributes to
the broad literature on the economic effects of institutions. While a long-standing literature
has documented how institutions shape economic outcomes through their content (North,
1991; Acemoglu et al., 2001; Glaeser et al., 2004) and how they persist over time (Banerjee
and lyer, 2005; Nunn, 2008; Bolt and Bezemer, 2009; Dell, 2010; Nunn and Wantchekon, 2011;
Michalopoulos and Papaioannou, 2013, 2016; Lowes et al., 2017), far less is known about
how the timing prescribed by institutions interacts with local economic activity. A small but
growing literature has begun to document such effects. Montero and Yang (2022) show that
Catholic patron saint day festivals in Mexico reduce long-run economic development when
their xed dates coincide with peak planting or harvest periods. A complementary set of
papers documents how school calendars shape labor market outcomes for parents, particularly
mothers (Price and Wasserman, 2024; Graves, 2013; Duchini and Van Effenterre, 2022).

We contribute to this nascent literature in two ways. First, we provide systematic evidence
that the timing of school calendars is a quantitatively important determinant of children's
human capital accumulation. Second, we show that timing institutions can be inherited and
persist long after independence, producing more prevalent misalignment in former colonies
in southern latitudes. Academic years in many of these countries continue to follow European
templates rather than local agrarian cycles, illustrating how colonial institutions shape con-
temporary outcomes through seemingly minor features. Colonial inheritance explains why
this calendar misalignment exists and persists. Our estimates quantify its consequences.

Second, we contribute to the education and child labor literature by showing that school
calendars are an important and underexplored determinant of school dropout in agrarian
settings (Basu and Van, 1998; Baland and Robinson, 2000; Edmonds and Pavcnik, 2005; Beegle
et al., 2006; Edmonds, 2007). Existing work largely treats schooling decisions as driven
by income shocks, liquidity constraints, or short-term changes in exam timing, abstracting
from the timing of schooling (Watkins, 2000; Dillon, 2021; Merfeld, Merfeld; Allen, 2024,
Ito and Shonchoy, 2026). In contrast, we show that the timing of schooling itself can be a
rst-order determinant of educational outcomes. We document cross-country evidence that
greater school-harvest overlap increases dropout and provide causal evidence that shifting
Colombia's school year into the harvest season increases both dropout and child labor. Unlike
prior studies, we examine a permanent, system-wide change in the school calendar and trace
its effects on enrollment, progression, and dropout.

Third, we contribute methodologically by combining cross-country historical variation with
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within-country quasi-experimental evidence to study both the existence and the mechanism of
the effect. More broadly, we connect historical institutional design to contemporary household
behavior through a novel timing channel. At the macro level, we exploit variation in colonizer
calendars and geography to instrument for school-harvest overlap and estimate its global
impact. At the micro level, we leverage a natural experiment in Colombia that isolates
the timing mechanism by shifting the academic calendar without altering other aspects of
schooling. Although prior work has examined the effects of instructional time and school
schedules (Pischke, 2007; Marcotte, 2007; Goodman, 2014; Bostwick et al., 2022; De Roux and
Riehl, 2022), we are the rst to link inherited calendar design to local economic conditions and
to study its consequences using both cross-country and within-country variation. Together,
our ndings suggest that institutional timing reforms, such as aligning school calendars with
local economic conditions, can substantially improve schooling outcomes at low cost.

The remainder of the paper is organized as follows. Section 2 documents systematic
misalignment between school and agricultural calendars across countries, links it to colonial
institutional legacies, and presents instrumental variable estimates of the effect of calendar
overlap on school dropout. Section 3 describes the institutional setting of the Colombian
education system, its academic calendars, and introduces the calendar reform studied in
this paper. Section 4 presents the data. Section 5 outlines the empirical strategy. Section 6
presents the main school-level results with their corresponding robustness checks, and Section
7 presents causal evidence on how the calendar reform affected child labor market outcomes.
Finally, Section 8 concludes.

2. Worldwide Evidence on the Effects of Calendar Overlap

2.1. School Calendars Across Latitudes

School calendars were institutionalized during the 19th century, when European states
formalized public primary education through foundational school laws that established
centralized, state-regulated systems, including standardized academic calendars.® These laws
required municipalities to maintain public schools and de ned the structure of the school
year, limiting the time available for work outside the classroom. Compulsory attendance
legislation came later, including the Mundella Act (1880) in the UK and the Jules Ferry Laws
(1882) in France, but by then the institutional template of the school calendar had already been
established (Lelievre, 2021; Gold, 2002).

To maximize attendance, school calendars were designed to minimize con icts with agri-
cultural cycles by scheduling instruction during periods of low-harvesting seasons (Pedersen,
2012). As a result, the academic year typically began after the summer, allowing students and

SParticularly, France enacted the Loi Guizot in 1833, Belgium the Loi Nothomb in 1842, Spain the Ley
Someruelos in 1838, the Netherlands the Schoolwet in 1806, and the United Kingdom the Forster Act in 1870.
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their families to participate in harvest activities. * Since then, and until current times, most
Northern Hemisphere countries have adopted a school calendar that begins in September or
October, following the summer, and ends around May or June.

However, the notion of “summer” does not translate uniformly across latitudes, which
implies that school calendars need not follow the same structure everywhere. Equatorial
countries lack clearly de ned seasons, producing substantial within-country variation in
climate and harvest schedules. Countries in the Southern Hemisphere experience summer
from November to February, which would naturally imply a school calendar offset relative to
northern countries.

Despite these differences, many countries in southern latitudes mirror the northern calendar
by scheduling school breaks in July and August, which do not necessarily correspond to their
local agricultural cycles. Appendix Figure A.1 illustrates this pattern by plotting current school
calendars by country, sorted by latitude. ® Northern countries align school breaks with the
northern summer between June and August. Countries near the Equator, despite experiencing
different climatic conditions, tend to follow a similar calendar structure, with school breaks
taking place during the same months. In contrast, some countries in the Southern Hemisphere,
particularly those with Spanish heritage such as Paraguay, Chile, and Argentina, align school
breaks with the southern summer between December and February. Other countries in the
South, especially those in Africa with French or British colonial heritage, do not follow this
pattern and instead mirror northern calendars.

2.2. Colonial Origins of the School and Agricultural Calendar Overlap

These school calendar patterns in the Global South may be closely linked to colonial
institutions, as many countries in equatorial and southern latitudes were historically colonized.
In fact, school calendars in former colonies often re ect those of the colonizing country rather
than the pattern suggested by latitude. Figure 1 plots the monthly share of school days in
former colonies and compares them with those of their colonizers (plotted in the rst row of
the gures). Colonial calendars frequently persist despite substantial differences in climate
and agricultural cycles. Countries colonized by France, the United Kingdom, Belgium, and
the Netherlands show a high degree of persistence relative to the school calendar of their
colonizer. In contrast, Spanish and Portuguese colonies appear to have adapted their school
calendars to local conditions. These patterns suggest that school calendars in some southern
countries could have been shaped more by the institutional practices of their colonizers rather
than by local agricultural conditions.

The extent to which colonial calendars persisted seems to depend on the degree of insti-
tutional autonomy that former colonies had when their school calendars were established.

4Additional evidence suggests that the emergence of summer breaks was also in uenced by the aristocratic
hunting season in France (Lelievre, 2021), as well as by urban social habits, budgetary constraints, and the
preferences of school of cials in the United States (Gold, 2002; Weiss and Brown, 2003).

®School calendars were hand-collected from the of cial websites of the ministries of education, or equivalent
government bodies, of each country in our sample, using the most recently available academic calendar at the
time of data collection. More details are provided in Appendix B.
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Figure 1: Monthly School-Day Shares by Colony and Colonizer

(a) France (b) United Kingdom
(c) Spain (d) Portugal
(e) The Netherlands (f) Belgium

Notes: The gure shows the share of school days in each month. For each country, the information corre-
sponds to the most recent school calendar data available. Source: Own elaboration based on of cial sources.

For example, Spanish and Portuguese colonies, which gained independence early, were able
to adapt their calendars to local agricultural conditions. In contrast, countries colonized by
France, the United Kingdom, or the Netherlands, which achieved independence after school
calendars had already been established by colonial authorities, were more likely to retain the



inherited structures. This suggests that the timing of independence played a critical role in
shaping the alignment between school calendars and local agricultural cycles.

Figure 2 provides empirical evidence for the relationship between independence timing and
calendar persistence. It plots the similarity between the school calendars of colonies and their
colonizer against the time elapsed between a country's independence and the institutionaliza-
tion of its colonizer's education system. ® We observe a strong positive correlation. Countries
that gained independence later were more likely to retain colonial calendar structures, while
those that gained independence earlier show lower degrees of calendar overlap.

Figure 2: Colonial Legacy and School Calendar Overlap

Notes The y-axis reports share of vacation days in a year during which students in both the colony and the
colonizing country are simultaneously out of school. The x-axis displays an index capturing the difference
between the independence date of each colony and the date on which the rst educational law was enacted in the
corresponding colonizer. The index is normalized to take a value of 1 for the largest observed difference and O
when the difference is less than or equal to zero. Source: Own elaboration based on of cial and historical sources.

Two notable examples of this mechanism are Spain and France. Most Spanish colonies,
including Colombia which we will emphasize in Section 3, gained independence well before
educational systems were formally institutionalized in Spain (in 1838). This early indepen-
dence allowed these countries to establish their own calendars rather than inherit those of the
colonizer. In contrast, former French colonies gained independence only after school systems
had already been institutionalized in France and therefore tend to retain calendar structures
that closely mirror those of the former colonizer. These examples highlight how the timing of
independence shapes the alignment between school calendars and local conditions, driving
the broader pattern shown in Figure 2.

2.3. Calendar Overlap and School Dropout

The persistence of colonial school calendars has important consequences for education
today. These historical patterns suggest a potential mismatch between school and agricultural

Similarity between both school calendars is computed as the share of vacation days in a year during which
students in both the colony and the colonizing country are simultaneously out of school. We use vacation day
overlap rather than school day overlap because the number of instructional days is similar across countries by
construction, leaving little variation to exploit. Vacation timing, by contrast, re ects speci c institutional choices
more likely to carry the imprint of colonial educational transfer.
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calendars, particularly in formerly colonized countries located at latitudes that differ from
those of their colonizers. This mismatch may, in turn, affect present day educational outcomes.

We formally evaluate this by computing the share of days in the year in which the agricul-
tural and school calendars overlap in each country i:

o = IS\ Al
D]

where D denotes the set of days in a calendar year,S§ D denotes the set of days when school
is in session in country i, and A ; denotes the set of days corresponding to the harvesting
season of country i's main crop. The cardinality in the intersection of these two sets, |S\ Ajj,
captures the number of days in which students are required to attend school during periods of
high agricultural activity. ’ On average, both calendars overlap 14% of the year, corresponding
to 51 days during the year.®

Calendar overlap varies systematically with colonial status and geography. Table 1 reports
the results from regressions of calendar overlap on an indicator for former colonial status and
country latitude. The estimates show that calendar overlap is signi cantly higher in former
colonies and signi cantly lower in countries located at higher latitudes. These results are
robust to the inclusion of alternative sets of controls. Although descriptive, they point to
systematic misalignment between school calendars and local agricultural cycles in countries
that were formerly colonized and are located in southern latitudes.

Table 1: School and Agricultural Calendar Overlap by Colonial Status and Latitude

Dependent variable: Calendar Overlap

(1) (2) 3) (4)

Colony 5.433** 6.699*** 6.664*** 6.786***
(2.262) (2.314) (2.311) (2.191)
Latitude -0.107* -0.116** -0.116** -0.092*
(0.048) (0.048) (0.049) (0.047)
Observations 126 126 126 126
Mean dep. var. 14.20 14.20 14.20 14.20
Macroeconomic controls No Yes Yes Yes
Demographic controls No No Yes Yes
Trade controls No No No Yes

Notes. Macroeconomic controls: GDP (in logs) and consumption share of
GDP. Demographic controls: population and employment-to-population

ratio. Trade controls: share of trade in GDP and the total trade volume
between each country and the set of colonizers, comprising Belgium, France,

Portugal, Spain, the Netherlands, and the UK. Source: own elaboration based

on administrative records, World Bank Indicators, Penn World Table version
11.0, and Sacks et al. (2010).

’Agricultural calendars are constructed based on data from Sacks et al. (2010), which provides crop-speci ¢
harvesting dates at the country level. We use the calendar of the main crop in each country, de ned as the crop
with the largest harvested area. More details are provided in Appendix B.

8Appendix Table A.1 provides descriptive statistics of these measure.
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This increased overlap has relevant consequences. It raises the opportunity cost of school-
ing for rural students, particularly in agrarian economies. When schooling schedules con ict
with periods of high labor demand, households may reallocate children's time toward farm
work, affecting schooling decisions. To illustrate this relationship, we correlate the measure
of calendar overlap with country-level school dropout rates and present the results in Fig-
ure 3a.° Consistent with this mechanism, countries with greater overlap between school and
agricultural calendars exhibit higher school dropout rates.

Figure 3: School Dropout and the Overlap Between School and Agricultural Calendars

(a) All countries (b) Colonies vs Non-Colonies

Notes:The gures shows a scatterplot between the the share of school-age children out of school and the measured
overlapping between harvesting and school calendars according to equation 2.3.

This positive relationship, nonetheless, is almost entirely driven by countries with a colonial
legacy. Figure 3b separates countries with and without a colonial past, revealing a steeper
gradient among former colonies and little to no correlation among countries with no colonial
history. 10 Calendar overlap is associated with school dropout primarily in contexts where the
school calendar was inherited rather than locally designed.

These correlations should not be interpreted as causal. Unobserved factors may in uence
both calendar structure and educational outcomes, generating omitted variable bias. In
addition, dropout rates could themselves affect the design of school calendars, creating the
potential for reverse causality.

To estimate causal effects, we exploit historical colonial legacies and instrument calendar
overlap in former colonies using the intersection between the school calendar of the colonizing
country and the agricultural calendar predicted by latitude. Let ¢(i) denote the country that
colonized country i and let L ; denote the set of countries located in the same latitude zone as
country i.11 We construct the following instrument:

“We condition on latitude and GDP (in logs) to isolate variation that is not driven by geography and income
levels.

10Appendix Table A.2 shows this relationship when varying the set of controls used.

1 atitude zones are de ned as: Equatorial ( 0-10 ), Tropical (10-23.5 ), Subtropical (23.5-35 ), Temperate
(35-50), and Cool Temperate (50-66.5).
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where Sy denotes the set of school days in the colonizing country c(i), and A |, corresponds
to the set of days of high agricultural activity predicted by the latitude of country  i.'? For
countries that were not colonized the instrument takes the value of zero. ' On average, both
calendars overlap 11% of days in the year (see Appendix Table A.1).

Using this instrument, we estimate the following equations:

O; = aZ; + y;
Y; = bO; + XY +#, (1)

where Y; corresponds to the share of primary school age children who are out of school in
country i, O; denotes the predicted overlap between school and agricultural calendars, and X;
denotes a vector of country level controls. '* Standard errors are heteroskedasticity-robust.
The coef cient b in Equation 1 is consistently estimated if the instrument Z; satis es the
exclusion restriction. This requires that the school calendars of former colonial powers affect
school dropout in their former colonies only through the school calendars that these colonies
inherited, and not through any other channel. This assumption is plausible because colonial
powers originally designed their domestic school calendars to re ect their own climatic and
agricultural conditions rather than those of the territories they later administered. As a result,
the timing of school terms in the colonizing country is unlikely to be directly related to
contemporary educational outcomes in former colonies located at very different latitudes.
The instrument combines this colonial school calendar with agricultural cycles predicted by
latitude. By using agricultural calendars derived from countries located at similar latitudes, the
instrument captures the agricultural conditions that country i would likely face in the absence
of colonial institutional in uence. This construction prevents the instrument from being
mechanically correlated with country speci ¢ agricultural patterns while isolating variation
that arises from the interaction between inherited school calendars and local agricultural

12p L, Is constructed as a leave-one-out estimate of the probability that a country harvests on a given
day of the year. For each day d, we estimate the probability that a country growing the same main crop
as country i and located in the same latitude zone is actively harvesting on day d, using all countries in that
peer group except country i itself. Formally, for each cell combination of country j and day d we compute
Big = éjZLiCnfig 1[harvestjq]=(Lj 1), where L7 L; denotes the set of countries sharing both the same main
crop and the same latitude zone as country i. When the peer group contains fewer than two countries, we
progressively widen the comparison group rst to all countries in the same hemisphere growing the same crop,
and then to all countries growing the same crop globally. The resulting daily measure fiq 2 [0, 1] re ects the
predicted probability of harvest on each day of the year for a country with similar agroclimatic conditions to
country i, purged of country i's own harvest schedule to avoid mechanical correlation.

13In Appendix B.2 we consider a second instrument that combines the interaction between the school calendar
of the colonizing country, the agricultural calendar predicted by their latitude, and the degree of exposition to
colonial education institutions. This second instrument resembles a shift-share design with both the shift and the
sharecomponents being arguably orthogonal. Our results are nearly identical using both designs.

Controls include (i) latitude; (ii) GDP (in logs) and the consumption share of GDP; (iii) population and the
employment-to-population ratio; and (iv) the share of trade in GDP and the total trade volume between each
country and the set of colonizers, comprising Belgium, France, Portugal, Spain, the Netherlands, and the UK.
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cycles. Under this interpretation, the instrument re ects the calendar structure that country
I would have faced if its school calendar had followed the colonizer's institutional pattern
while its agricultural conditions were determined by geography. As such, the instrument
should affect school dropout only through its impact on the current overlap between school
and agricultural calendars.

Table 2 presents the results of estimating Equation 1.° The estimated coef cients are
positive and precisely estimated across speci cations. The results imply that a one percentage
point increase in the overlap between school and agricultural calendars increases school
dropout by approximately 0.4 percentage points. The estimates remain stable across different
sets of controls, supporting a robust causal relationship between calendar overlap and school
dropout.

Under this instrumental variable approach, these estimates should be understood as local
average treatment effects. They capture the impact of calendar overlap in countries where
school calendars were in uenced by colonial institutions and therefore respond to the variation
generated by the instrument. In such contexts, where inherited school calendars may not align
with local agricultural conditions, students face higher opportunity costs of schooling and are
more likely to drop out.

Table 2: Effect of Calendar Overlap on Dropout

Dependent variable: Dropout rate

@) ) ®) (4) ()

Panel A: Full sample

Calendar Overlap 0.515*** 0.385*** 0.406*** 0.405*** (0.391***
(0.101) (0.097) (0.095) (0.095) (0.095)
First-stage F 152.92 106.22 106.64 113,51 115.30
Observations 126 126 126 126 126
Panel B: Former colonies
Calendar Overlap 0.319** 0.247*** 0.320*** 0.319*** 0.306***
(0.113) (0.094) (0.101) (0.103) (0.101)
First-stage F 88.41 85.63 73.31 74.70 76.85
Observations 84 84 84 84 84
Geographic controls No Yes Yes Yes Yes
Macroeconomic controls No No Yes Yes Yes
Demographic controls No No No Yes Yes
Trade controls No No No No Yes

Notes. The dropout rate is de ned as the share of primary school-age children out
of school. For each country, we use the latest available value during the 2010-2019
period. Geographic controls: country latitude. Macroeconomic controls: GDP (in logs)
and consumption share of GDP. Demographic controls: population and employment-
to-population ratio. Trade controls: share of trade in GDP and the total trade volume
between each country and the set of colonizers, comprising Belgium, France, Portugal,
Spain, the Netherlands, and the UK. Source: own elaboration based on administrative
records, World Bank Indicators, Penn World Table version 11.0, and Sacks et al. (2010).

These results provide strong causal evidence of the relationship between calendar overlap
and school dropout, driven by countries with a colonial past. However, while the instrumental
variable strategy addresses potential endogeneity in school calendar design, cross-country

15The rst stage results are presented in Appendix Figure A.2.
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estimates remain inherently aggregated and their interpretation might be limited. The analysis
relies on national averages that mask substantial within-country heterogeneity in agricultural
cycles, school calendars, and schooling decisions. In addition, both agricultural and school
calendars might be measured with error at the country level, as harvesting seasons and school
schedules often vary across regions within a country. For these reasons, we complement the
cross-country results with micro-level evidence in the following sections.

3. A Natural Experiment: Colombia's School Calendar Reform

Colombia is a country near the Equator that provides an ideal historical setting to study
the relationship between school and agricultural calendars. The country was colonized by
Spain and gained independence in 1819. Spain formally institutionalized its national school
calendar only later, which allowed Colombian republican authorities to design their own
school schedule after independence!® Because of substantial regional variation and political
constraints, Colombia adopted a dual school calendar during the twentieth century, in which
different areas of the country operated under two opposing school calendars. This system was
uni ed in 2010 under a single national calendar. This reform increased the overlap between
the school calendar and local agricultural harvesting periods in some regions of the country.
We exploit this institutional change to estimate the effect of school and agricultural calendar
overlap on school dropout.

3.1. The Colombian Education System and the Dual School Calendar

Education in Colombia is organized into three levels: (i) primary education (grades 1-5);
(i) lower secondary education (grades 6-9); and (iii) upper secondary education or high
school (grades 10-11). Schooling is provided by both public and private institutions. In 2010,
approximately 80% of all students were enrolled in public schools, and 31% attended schools
located in rural areas.

Unlike countries with centralized and xed school calendars, the academic year in Colom-
bia can begin either in January and end in November or in September and end in June. The
calendar that begins in January and ends in November is known as Calendar A while the
calendar that begins in September and ends in June is known asCalendar B Regardless of

1&\e date the institutionalization of Spain's education system to the Ley de Instruccion Primari@f 21 July
1838 ey Somerueldswhich established the rst functioning liberal primary school system in Spain, requiring
municipalities to maintain public schools and introducing teacher certi cation and provincial supervision of
education. This framework was later consolidated by the Ley de Instruccion Publicaf 9 September 1857 I ey
Moyand, which introduced compulsory and free elementary schooling. Since most Spanish colonies, including
Colombia, gained independence in the 1810s and 1820s, they did so well before either of these laws was enacted,
giving Colombian republican authorities the freedom to design their own school calendar.

17School breaks depend on the adopted calendar. Schools following Calendar Ahave a one-month break
between June and July and a longer break between November and January. Schools following Calendar Bhave
a one-month break between December and January and a longer break between June and September. Both
calendars include one-week breaks around April and October.

13



the calendar, all schools are required to complete 40 weeks of instruction per academic year
(Congreso de la Republica de Colombia, 1994).

Since the early years of the Colombian republic, the academic calendar has undergone
substantial transformations. During the colonial period (i.e., before 1810), education in the
Spanish colonies was primarily provided by the Church in a decentralized manner and was
accessible only to a small elite. In the late eighteenth century, the Spanish Crown introduced
the Bourbon reforms to modernize state capacity in the colonies (Chiovelli et al., 2023). As
part of these reforms, and in uenced by Enlightenment ideas, Carlos Ill reduced the Church's
in uence over education and expanded schooling among local and Indigenous populations
(Anguita Osuna, 2019). During this period, however, the school calendar played little role in
shaping educational access.

Following independence in the 1820s, the Colombian state made efforts to centralize and
organize the education system. School calendars, however, were not a central component of
these reforms and remained anchored to religious festivities. Archival evidence suggests that
throughout the nineteenth century and the rst half of the twentieth century, school calendars
were not formally institutionalized and varied widely across regions.

The public school calendar in Colombia became explicit and institutionalized in the mid-
twentieth century. Decree 75 of 1951 established a xed academic calendar for public schools
and formally introduced two regional calendar regimes. Schools in the Department of Cauca,
which at the time included territories that later became the departments of Narifio and Valle
del Cauca, were required to begin the school year in October, while schools in the rest of the
country started in February. This decree marked the rst nationwide recognition of a dual
calendar structure and introduced regional differentiation in of cial school calendars.

Subsequent attempts to standardize class periods nationwide faced substantial opposition
and were later revised through Decree 1902 of 196918 The latter decree cited climatic conditions
in Valle del Cauca, Narifio, and Cauca that rendered the proposed calendar impractical, as well
as requests from principals, teachers, and parents for longer end-of-year vacations and shorter
mid-year breaks. This resistance from communities in the southwest suggests that climatic,
cultural, and logistical factors played a central role in sustaining regional differentiation in
academic calendars. Consequently, since the mid-twentieth century, all public schools in
Colombia followed the January—November calendar, except those in the southwest, where
public schools traditionally operated under the September—June calendar. 1

The school calendar reforniaw 715 of 2001 introduced a decentralization reform that
assigned local education authorities responsibility for organizing education provision, includ-
ing de ning the academic calendar, while granting certi ed municipalities autonomy over

BMost notably, Decree 1816 of 1967 established uniform academic semesters nationwide, regardless of the
calendar followed; the only difference concerned the semester in which schools began. The rst semester started
on the third Monday of January and lasted 95 instructional days (excluding Saturdays), followed by a mid-year
vacation until the Sunday preceding the fourth Monday of July. The second semester began on the fourth Monday
of July and also lasted 95 instructional days, with the end-of-year vacation extending until the Sunday preceding
the third Monday of January.

1%Appendix C provides a detailed description of the legal evolution of school calendars since the colonial
period.
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education provision.

This increased exibility led authorities in Narifio and Valle del Cauca to modify the public
school calendar. After 2010, all public schools in these two departments were required to
transition to the January—November calendar to align the school year with national planning
and budget execution cycles (Santiago de Cali. Secretaria de Educacion Municipal, 2008)°
During this transition, public schools maintained the required 40 weeks of instructional
time. Private schools, by contrast, have always been free to choose which calendar to adopt
nationwide.

Figure 4a plots the share of public schools adopting the September-June calendar in the
departments of Narifio and Valle del Cauca (here onward “affected” departments) compared
with the rest of the country. Prior to 2010, the period preceding the calendar reform, virtually
all public schools in the affected departments operated under the September-June calendar,
whereas public schools in the rest of the country consistently followed the January-November
one. Beginning 2011, and following the implementation of the calendar reform, all public
schools in Narifio and Valle del Cauca transitioned to the January-November calendar, aligning
their academic schedules with those used elsewhere in the country.

Figure 4: The School Calendar Reform

(a) Schools (%) under Sept.-June Calendar (b) Calendar Shift in Affected Departments

Notes Panel (a) shows, for each year, the share of public rural schools operating under the September—June
calendar. The shares are reported separately for schools in Narifio and Valle del Cauca (red dots) and for schools
in the rest of the country (blue dots). Panel (b) plots the proportion of school days (i.e., days of instruction)
in each month as a share of total monthly workdays. The plotted values correspond to the average across the
affected departments of Narifio and Valle del Cauca. Source: Own elaboration based on data from the Colombian
School Census (Form C-600) and the Secretaries of Education of Narifio and Valle del Cauca.

The school calendar reform induced changes in the distribution of instructional days
across months. Figure 4b presents the average monthly share of instructional days under the
September—June calendar prior to the reform and under the January—November calendar
adopted thereafter in affected departments. The reform substantially altered the timing of
school holidays throughout the year. Prior to the reform, the bulk of vacation time occurred in
July and August, with shorter breaks in January and December, closely resembling academic
calendars in Northern Hemisphere countries. Following the reform, vacation time became

2ODe Roux and Riehl (2022) provide a more detailed discussion of the school calendar reform.
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concentrated in January and December, with a markedly shorter mid-year break, primarily in
June.

As a consequence, schools in the affected departments abruptly modi ed their academic
calendars, altering the timing of instruction in speci c regions of the country. Departments not
covered by the reform were unaffected and therefore continued to operate under the existing
school calendar.

3.2. Agricultural Activity

Colombia is a middle income country where around 23% lives in rural areas and 22% of the
workforce is employed in the agricultural sector. Agricultural production varies depending
on the area of the country, with coffee, rice, and maize being the most common agricultural
products. Affected departments are intensive in the production of stimulants (mainly coffee),
rice, maize, fruits and nuts, and sugarcane, whereas the rest of the country specializes in
stimulants, maize, rice, yams and roots, and sugarcane. Appendix Figure A.4 plots the main
crop at the vereddevel for all the country and highlights the two affected departments. 2!

Colombia is located very close to the Equator, implying that temperature uctuations do
not follow a seasonal pattern. Instead, temperature varies primarily with altitude: lower-
lying areas are warmer, while higher-altitude regions are colder. Despite the relative stability
of temperatures throughout the year, climatic conditions do vary seasonally in terms of
precipitation rather than temperature. As a result, some degree of climate seasonality is
present (although to a much lesser extent than in countries with pronounced seasons) while
temperature remains relatively constant over the year.

This climatic context, characteristic of equatorial countries, allows for the production of a
wide range of agricultural goods depending on the altitude of cultivated areas. Consequently,
Colombia exhibits substantial heterogeneity both in the types of crops produced and in
the timing of their production. This, in turn, leads to signi cant variation in agricultural
calendars across regions. Appendix Figure A.5 illustrates this heterogeneity by presenting the
harvesting calendars of the three main crops in the affected departments. Speci cally, we plot
the share of each crop's total annual harvesting activity that occurs in each calendar month
(see Appendix Figures A.6 and A.7 for detailed information on harvesting calendars in these
two departments).

Harvesting intensity varies substantially across crops and throughout the year. For example,
maize harvesting is concentrated mainly in February and around the middle of the year,
whereas stimulant crops, predominantly coffee, are harvested primarily between April and
June. This heterogeneity is central to our analysis, as it allows us to identify areas within the
affected departments that are more or less exposed to the reform.

2IA veredas an administrative territorial division in the rural areas of municipalities, typically formed by a
grouping of land parcels bounded by geographic features and major roadways.
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4. Data

We combine four data sources to construct a school-level panel containing information on
school progression, geographic location, and exposure to agricultural seasonality.

First, we use the school census from 2004 to 20182 This census is compiled annually
by the central government through surveys administered to school principals, who report
detailed information on enrollment, infrastructure, and teaching staff. In particular, principals
indicate the number of students enrolled in the previous year and classify them as currently
enrolled on time, repeating a grade, having dropped out, or having transferred to another
institution. We complement these data with georeferenced information on school locations.

Second, we compute harvested areas for different crops at the veredaevel (geographic
units smaller than municipalities) using data from the Global Agro-Ecological Zones (GAEZ)
v4, produced by the Food and Agriculture Organization of the United Nations (FAO). 23 The
GAEZ data are constructed on grids of approximately 9 x 9 kilometers at the equator and
provide information on harvested areas for 25 crop groups. 2* We georeference these grids to
the vereddevel and match them to the school census. This procedure allows us to precisely
identify the agricultural production in the areas surrounding each school in the data.

Third, we use information on harvesting calendars at the department—crop level provided
by the Rural Agricultural Planning Unit (Unidad de Plani cacién Rural Agropecuaria, UPRA)
of the Colombian Ministry of Agriculture. 2° These data report the timing and intensity of
harvesting seasons for each crop in every department.

Fourth, we use administrative records from the Secretaries of Education of Narifio and
Valle del Cauca detailing the academic calendars of public schools in these departments for
the 2005-2008 period (pre-reform) and the 2011-2015 period (post-reform).

Combining these four data sets we build a school level panel that includes a total of 31,636
schools, representing all the schools in the country. Out of these, 59.57% correspond to rural
and 88.36% to public, and 59.26% to rural, public schools (Appendix Figure A.8). Importantly,
the data include information on crop harvesting in the veredawhere the school is located.
Table A.3 describes the school-level panel, which constitutes our estimating data set.

Overall, enrollment in rural schools declined over time across all departments in the sample.
However, the reduction was substantially larger in the treated departments. Enrollment fell
by 24% in Narifio and by 18% in Valle del Cauca, compared to a decline of only 9% in the rest
of the country. Over the same period, dropout rates decreased and passing rates increased
across all schools.

Similar patterns emerge when disaggregating by educational level, with one important
difference. The decline in total enroliment is driven entirely by primary schools, whereas

2’These data come from Form C-600 of the Colombian Ministry of Education, which is publicly available.

23The data are available at: https://www.gaez.fao.org/

2The crop groups include: wheat, rice, maize, sorghum, millet, barley, potato and sweet potato, cassava,
yams and other roots, sugar beet, sugar cane, pulses, soybean, rapeseed, sun ower, groundnut, oil palm fruit,
olives, cotton, banana, tobacco, vegetables, stimulants, fodder crops, and other crops.

25Available at: https://www.upra.gov.co/es-co/eva/eva-2019
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enrollment at the secondary level exhibits only a minimal decline or even a slight increase.

5. Empirical Strategy

This sharp and uniform calendar transition constitutes the core quasi-experimental varia-
tion exploited in our empirical strategy. By comparing schools in affected departments with
appropriately selected schools in the rest of the country, we examine how changes in the
timing of the school year—speci cally, the redistribution of instructional and vacation days
across months—affected school progression for rural children. We further analyze whether
these effects are driven by increases in the overlap between academic calendars and local
agricultural harvesting seasons in the most affected areas.

To estimate the effect of the change in the academic calendar, we compare schools in
the two affected departments (i.e., Narifio and Valle del Cauca) with schools in the rest of
Colombia. We focus speci cally on rural and public schools, as these are the most directly
in uenced by agricultural calendars. This setup involves comparing a relatively small group
of treated schools (1,668) with a much larger group of untreated schools across the rest of the
country (16,885).

Given the large pool of untreated schools, identifying an appropriate counterfactual may
be challenging and prone to researcher bias. To address this concern, we implement a
Synthetic Difference-in-Differences (SDID) estimator, which provides a exible and data-
driven approach to constructing counterfactuals under weaker assumptions than the standard
Difference-in-Differences (DID) framework (Arkhangelsky et al., 2021). The SDID method com-
bines features of the DID design with the Synthetic Control approach (Abadie and Gardeazabal,
2003; Abadie et al., 2010, 2015; Abadie and L'hour, 2021), generating a weighted combination of
untreated units that closely matches pre-treatment trends in the treated group. This framework
enables causal inference under less restrictive assumptions than standard DID.

Formally, the SDID procedure assigns unit weights, W;j, to schools in the untreated group
so that the weighted average of their pre-treatment outcome trajectories closely matches that
of the treated schools during the pre-exposure period (2004—2009). In addition, SDID assigns
time weights, I+, which balance pre- and post-treatment periods for the untreated units in the
estimation. The estimator solves the following optimization problem:

( )

f,Mab =argmin g é’Tl (Ve m a by Wgt) Wil 2
t,ma,b i=1t=1
where yj; denotes the outcome for schooli in year t, W;; 2 f 0, 1g indicates treatment expo-
sure, N is the number of schools, and T the number of years. The terms a; and b; represent
school and year xed effects, respectively. The parameter of interest, t, measures the Aver-
age Treatment Effect on the Treated of the academic-calendar reform on schools in treated
departments.
Our main outcomes of interest are total school enroliment (in logs), and the dropout
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rate, measured annually relative to the number of students enrolled in each school in the
baseline year. We also present additional results for school promotion rates. While informative,
this outcome is potentially subject to attrition bias, as it is de ned conditional on students
remaining enrolled in school.

Importantly, our SDID strategy is not affected by variation in treatment timing or by
differential treatment intensity (de Chaisemartin and D'Haultfoeuille, 2020). All affected
schools experienced the calendar change simultaneously and to the same extent. Therefore,
our identi cation strategy relies on three key milder assumptions: (1) the absence of differential
pre-trends; (2) the absence of other policies speci cally targeting the affected departments;
and (3) the stable unit treatment value assumption (SUTVA). We provide evidence supporting
the rst assumption using event-study estimates. Regarding the second, we did not identify
any other policy interventions affecting Narifio or Valle del Cauca during this period. Finally,
SUTVA could be violated if the treatment induced migration or population changes in the
affected departments. We provide evidence against this in Section 6.4.

6. School-Level Effects of the Reform

6.1. Overlap Between School and Agricultural Calendars

The calendar reform modi ed the degree of overlap between academic and agricultural
calendars in the affected departments. To quantify this change, we construct a school-level
measure of overlap between the two calendars in three steps:

1. Using department-level school calendars, we compute the proportion of non-instructional
days in month m for each affected department d and each academic calendarc 2 f A, Bg.
We denote this proportion by Viq4c

2. Using department- and crop-speci ¢ harvesting calendars, we identify harvesting-
intensive months for each crop. We de ne an indicator variable, 1, el equal to one if
month m for crop j falls within the top quartile of the annual distribution of harvesting
activity (i.e., the three most intensive months), denoted by | j, and zero otherwise.?®

3. Combining these two measures, we de ne the overlap between academic and agricul-

tural calendars for each school sunder calendar c as:
I

. 12 " ©
Osc=@ Wsj 158 MaX ltmai,g VimdeO (3)
23 m=1

The term inside the brackets captures the share of instructional days during harvesting-
intensive months (i.e., 1 Vg0 and is equal to zero during non-intensive months.

26The selection of the setl j might vary depending on how many months we de ne as harvesting intensive.
We provide robustness checks in Section 6.4 varying the de nition of | ; and show that our results do not depend
on this.
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Averaging this expression across months yields the mean share of instructional days a
student would forgo if they participate in the labor market for a given crop  j under cal-
endar c. We then aggregate across crops usingws;, the share of crop j's harvested area in
the veredavhere school sis located. The resulting measure, O, represents the weighted
average share of potential school days lost due to agricultural labor participation. Larger
values indicate greater overlap between instructional days and harvesting periods, and
thus a higher opportunity cost of schooling during peak agricultural seasons.

4. Finally, we compute a school-level exposure measure, Os, de ned as the change in
overlap induced by the calendar reform:

DOs=0Osa Osp. (4)

A positive value of DOgs indicates that the post-reform January—November calendar
(Calendar A) increases the overlap between academic activities and harvesting periods
relative to the pre-reform September—June calendar (Calendar B) in schools.

Intuitively, the overlap measure captures changes in the opportunity cost of schooling
faced by students in schools differentially exposed to the calendar reform. Consider a student
living in a rural area where potatoes, primarily harvested in August, constitute the dominant
crop. Under the pre-reform calendar, most days in August were school holidays, allowing
children to participate in harvesting activities during a peak agricultural month. Under the
post-reform calendar, August becomes a full instructional month. As a result, the student faces
a sharper trade-off between attending school and working during the harvest season. With
binding time constraints, this increased overlap raises the opportunity cost of schooling and
may lead some students to reduce attendance or drop out altogether.

Appendix Figure A.9 presents the average change in overlap for schools in both affected
departments across the main crops in each region. We document substantial heterogeneity
in overlap changes across crops and departments. For instance, while the overlap associated
with maize harvesting increases markedly in Narifio, it decreases slightly in Valle del Cauca
following the reform. This heterogeneity is central to our analysis, as it implies that exposure
to the reform depends jointly on the dominant crops in each veredaand on department-specic
harvesting calendars. Overall, the reform increased the calendar overlap in 2%, as captured by
the overall weighted average presented in the bottom of Appendix Figure A.9.

6.2. Effects of the Reform on School Attendance

The calendar reform decreased public school enrollment by inducing student dropout
and decreasing school promotion. To see this, we begin by plotting the evolution of school
enroliment, normalized to the year prior to the reform, in Figure 5. We present estimates
separately for rural (Panel 5a) and urban (Panel 5b) schools. Prior to the reform, school
enroliment in affected and unaffected departments evolved in parallel indicating no differential
pre-reform trends. However, after the reform we observe a sudden decline in school enroliment
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among rural schools in affected departments, with the gap widening over time through 2018.
We do not see any change in enrollment among urban schools.

Figure 5: Public School Enrollment in Affected and Unaffected Departments

(a) Rural (b) Urban

Notes:The gure shows the average difference in the (log) number of enrolled students in schools in Narifio and
Valle del Cauca relative to schools in the rest of Colombia, for each year compared to 2010 (the baseline year).
Estimates come from a regression controlling for school and year xed effects. Vertical lines indicate 95% and
90% con dence intervals. Standard errors are clustered at the school level. Source: Own elaboration based on
data from DANE.

Although suggestive, this evidence indicates that the reform could have decreased rural
school enrollment in the affected departments. More direct evidence comes from estimating
the SDID speci cation in Equation 2 using enrollment as outcome. We present the results
in Figure 6. The reform led to a persistent decline in enrollment in rural schools in affected
departments. The negative effect emerges immediately after the reform and grows over
time, remaining statistically signi cant through the end of the sample period. By 2018,
average enrollment in treated schools had fallen by nearly 25% relative to the pre-reform
baseline. Given an average baseline enroliment of approximately 78 students per school, this
corresponds to a reduction of about 19 students per school.

School enrollment in levels may simply capture a scale effect and does not allow us to
distinguish dropout from grade retention or overall changes in population. Therefore, to better
understand the effects we again implement the SDID methodology using school dropout
rates as outcome. We report the effects on Figure 72/ The calendar reform increased dropout
rates among schools in the affected departments in around 1% to 2%, whereas urban schools
remained mostly unaffected. On average across the post-reform years, the dropout rate in
treated rural schools rose by approximately 1.7 percentage points relative to the baseline,
reaching 2.5 percentage points by the end of the sample period. This corresponds to roughly a
50% increase relative to the pre-reform dropout rate of about 5% in 2010.

2’Appendix Table A.4 reports the distribution of school-level weights ~ w; estimated using the SDID method-
ology for the two main outcomes of interest. The rst row shows the number of schools in the control group
receiving a zero weight. We then grouped schools into deciles based on the magnitude of their weights and
reported the average weight within each decile. For both outcomes, more than 10,000 schools received non-zero
weights.
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Figure 6: Effect of the Calendar Reform on Rural School Enrollment

(a) Rural (b) Urban

Notes:The gures show the estimated effect of the 2010 change in the academic calendar on the corresponding
outcomes for public-rural, and public-urban schools in Narifio and Valle del Cauca, compared to the synthetic
control constructed following the methodology described in Section 5. The vertical lines represent the 90%, 95%,
and 99% con dence intervals, based on bootstrapped standard errors with 50 repetitions.

Figure 7. Effect of the Calendar Reform on Dropout

(@) Rural (b) Urban

Notes:The gures show the estimated effect of the 2010 change in the academic calendar on school dropout
between rural and urban schools in Narifio and Valle del Cauca, compared to the synthetic control constructed
following the methodology described in Section 5. The vertical lines represent the 90%, 95%, and 99% con dence
intervals, based on bootstrapped standard errors with 50 repetitions.

The reform induced rural students to drop out but also affected grade promotion. We
analyze the effect of the reform using grade promotion rates as outcome in Figure 8. We again
observe that rural students in affected departments were more likely to fail the grade after
the reform relative to their unaffected counterparts. The reform increased grade retention by
approximately 2.5% relative to baseline, corresponding to a decline of about 3% compared to
the average passing rate in treated departments in 2010.

The effect on grade promotion helps explain the persistent increase in dropout rates
documented earlier in Figure 7. The calendar reform appears to operate along both an
extensive and an intensive margin of school progression. On the extensive margin, some
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Figure 8: Effect of the Calendar Reform on Grade Promotion

(a) Rural (b) Urban

Notes:The gures show the estimated effect of the 2010 change in the academic calendar on the corresponding
grade promotion de ned as the share of students who approved a grade over the total enroliment in that grade.
Panel 8a presents results for rural schools whereas 8b for urban schools. Treatement is de ned as the schools in
Narifio and Valle del Cauca, compared to the synthetic control constructed following the methodology described
in Section 5. The vertical lines represent the 90%, 95%, and 99% con dence intervals, based on bootstrapped
standard errors with 50 repetitions.

students responded to the higher opportunity cost of schooling by dropping out immediately
after the reform. On the intensive margin, other students remained enrolled but faced greater
dif culty balancing academic responsibilities with competing activities, such as agricultural
work, leading to lower academic performance and, over time, an increased likelihood of
eventual dropout.

Taken together, these results indicate that the transition from the September—June to
the January—November academic calendar had signi cant adverse effects on educational
progression in rural areas of the treated departments. The reform led to sizable and persistent
reductions in school enroliment driven by increased dropout rates and grade retention rates.

Heterogeneity of the effedhe effects of the reform were concentrated on primary school
students. Appendix Figure D.15 presents the results on school dropout separately for students
in secondary and primary school. The effects are driven by primary-school students. By the
end of the sample period, the reform reduced primary-school enroliment by approximately
35% on average, an effect largely attributable to a substantial increase in dropout rates. In
contrast, we nd no statistically signi cant effects on enrollment or dropout rates among
secondary-school students?®

6.3. Effects of the Reform by Exposure to Calendar Overlap

The calendar reform affected academic progression among students in affected departments
where the change in calendar overlaps more with the agricultural calendar. We exploit the
calendar overlap measure introduced in Section 6.1 to analyze the effects of the reform among

28N additionally examine heterogeneity by gender in Appendix Figure D.16, and do not nd any substantial
difference between male and female students.
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veredaghat were and were not exposed to the calendar overlap. We estimate heterogeneous
effects across schools that experienced little or no increase in overlap (or even a reduction) and
those that experienced a substantial increase?® The results are presented in Figure 9.

Figure 9: Effects of the Reform by Levels of Exposure to Calendar Overlap

(a) Enrollment (in logs) (b) Dropout rate

(c) Grade Promotion

Notes:The gures show the estimated effect of the 2010 change in the academic calendar on the corresponding
outcomes for public and rural schools in Narifio and Valle del Cauca, compared to the synthetic control con-
structed following the methodology described in Section 5. No overlapping change corresponds to schools where
the overlap measure in Equation 4 is zero or negative. High overlapping change corresponds to schools that
fall within the top quartile of the measure of the change in Overlap in Equation 4. The vertical lines represent
the 90%, 95%, and 99% con dence intervals, based on bootstrapped standard errors with 50 repetitions. Source:
Own elaboration based on data from DANE.

Schools located in areas where harvesting seasons overlap more closely with instructional
days face larger increases in school dropout. The adverse effects of the calendar reform on
enrollment are strongly driven by schools experiencing larger increases in overlap. By the end
of the sample period, the decline in enrollment among high-overlap schools is approximately
50% larger than that observed among low-overlap schools. Consistent with this pattern, we

nd no meaningful effect on dropout rates for low-overlap schools, whereas the increase in

2ANe classify schools asNo Overlapif their change in overlap, DOs, is zero or negative, and asHigh Overlapif it
falls within the top quartile.
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dropout is concentrated among schools with substantial increases in overlap.

This evidence supports the interpretation that the calendar reform affected school progres-
sion primarily by increasing the overlap between academic schedules and local harvesting
seasons. In schools where this overlap rose the most, students faced a higher opportunity cost
of attending and remaining in school due to the outside option of agricultural work. Under
binding time constraints, this increase in opportunity cost translated into higher dropout rates
and lower enrollment.

Reconciling the Estimate3.he magnitudes implied by the Colombian reform are slightly
larger, but still broadly consistent with those obtained from our cross-country instrumental
variable estimates in Section 2. The cross-country evidence suggests that a 1 percentage
point increase in calendar overlap raises school dropout by 0.4 to 0.5 percentage points. The
Colombian calendar reform increased the average overlap between school and agricultural
calendars by approximately 2 percentage points, leading to a 1 to 2 percentage point increase
in school dropout across affected schools. Consistent with the country level estimates, a 1
percent increase in overlap raises school dropout by about 0.5 to 1 percent. This modest
discrepancy is consistent with the local nature of the SDID estimate, which captures effects for
rural primary school students in two highly agrarian departments, whereas the cross country
IV averages across a substantially more heterogeneous set of countries and is likely attenuated
by measurement error in country level calendar overlap.

6.4. Robustness of the School-Level Estimates

We provide additional evidence supporting our main results through three complementary
robustness exercises. First, we show that our ndings are not sensitive to alternative de nitions
of harvesting intensity months (i.e., the set de ned in 1;). Second, we assess whether our
results are consistent with the stable unit treatment value assumption (SUTVA), which requires
that schools in the control group are not affected by policy-induced changes in the composition
of students. Third, we re-estimate the effects using a conventional difference-in-differences
(DiD) design with a comparison group constructed independently of the SDID procedure.

Harvesting Intensity. Our baseline speci cation in Figure 9 de nes harvesting intensity
using the top quartile of the annual distribution of harvesting activity, corresponding to the
three most intensive months of the year. Figure A.13 presents SDID point estimates obtained
under alternative de nitions of intensive harvesting months. For ease of comparison, we pool
the dynamic effects into a single estimate and include the baseline speci cation. The results
remain stable when de ning harvesting intensity using either only the most intensive month
or the two most intensive months of the year.

SUTVA. Our estimates could be biased if the reform affected outcomes in the untreated
group of schools. The primary threat to SUTVA in this context is the possibility that the reform
induced students to migrate from treated to untreated departments, thereby contaminating
the counterfactual. We provide two pieces of evidence supporting the validity of the SUTVA
assumption. First, we examine whether the reform affected school transfer rates and report the
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results in Figure A.12a.3° We nd no evidence of a reform-induced increase in transfer rates,
suggesting that students in affected departments did not relocate to schools in unaffected
departments. Second, we compare trends in the share of children who migrated within the last
ve years between treated and untreated departments. If the reform induced migration, we
would expect to observe differential trends across these groups. As shown in Figure A.12b, no
such divergence is apparent. Together, these ndings provide strong support for the SUTVA
assumption.

Difference-in-Differences:inally, we assess whether our results are driven by the weights
implicitly assigned by the SDID estimator. To do so, we implement a conventional DiD design
using a set of untreated departments constructed to be comparable to the treated departments
of Valle del Cauca and Narifio. This comparison group is built in two steps. First, we restrict
the pool to untreated departments whose primary agricultural products overlap with those of
the treated departments—namely stimulants (coffee) and rice. 3! Second, within this restricted
pool, we select the three most similar departments based on a set of pre-treatment covariates 32
Figure A.13 presents the DiD estimates using this comparison group. The resulting patterns
closely mirror those obtained using SDID, providing additional support for the robustness of
our main ndings.

7. Child Labor Responses to the Reform

The enrollment decline documented in Section 6 is consistent with a time-allocation mech-
anism in which children substitute schooling for agricultural work. We test this directly by
examining whether the calendar reform increased child labor, using nationally representative
household survey data and a municipality-level difference-in-differences design. We estimate
the following speci cation:

Emeat= & te(Wm  bp)+am+ b+ giXmgo + €mt, (5)
t62010
where E; m24; is a dummy variable equal to one if child i in municipality m of department d
works in rural activities in year t, and zero otherwise. Wy, is a treatment indicator equal to
one if municipality m belongs to one of the affected departments. As control municipalities,
we use the same matched set of departments employed in the difference-in-differences ro-

30The transfer rate in Figure A.12a is de ned at the municipality level (rather than the school level), as our
interest lies in movements across locations rather than across schools within the same location.

3IThis restriction excludes Bogota, D.C., Bolivar, Boyac4, Caqueta, Cesar, Cundinamarca, Chocd, La Guaijira,
Norte de Santander, San Andrés y Providencia, and Amazonas.

325peci cally, we compute a standardized index based on: (i) the share of agriculture in departmental GDP;
(ii) the log of the rural population; (iii) the log of public expenditure; and (iv) the log of public revenues (as a
proxy for state capacity). We then calculate Euclidean distances in the standardized covariate space and select
the three closest untreated departments. This procedure identi es Risaralda, Sucre, and Arauca as the most
comparable departments.
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bustness exercise of Section 6.4, namely Risaralda and Sucré® The terms a, and b; denote
municipality and year xed effects, while X, is a vector of predetermined municipality-level
characteristics obtained from CEDE-Universidad de los Andes, interacted with year xed ef-
fects to exibly control for time-varying shocks that may be correlated with both municipality
characteristics and child labor outcomes.3*

Figure 10 reports the estimated t; coef cients. Prior to the reform, the probability of
children engaging in rural labor evolves in parallel across treated and control municipalities,
with coef cients close to zero, supporting the parallel-trends assumption underlying the
design. Following the reform, the probability rises sharply in affected municipalities, by
approximately 5 to 10 percentage points, and remains elevated through the end of the sample
period. The persistence of the effect mirrors the dynamics of the dropout response documented
in Section 6 and is consistent with a long-lasting reallocation of children's time toward farm
work in affected areas.

Figure 10: Effect of the Reform on Child Labor

Notes.This gure plots the estimated coef cients t; from Equation 5. Source: Own elaboration based on data
from DANE.

These causal estimates are reinforced by descriptive patterns in the same data. Appendix
Figure A.14 provides three complementary views of child labor in rural areas. Panel (a)
plots the share of children working in rural activities over time and shows that, in affected
departments, this share approximately doubled between the pre-reform period and 2017, while
it remained essentially at in the rest of the country. Panel (b) summarizes this pattern as a raw
before-after comparison. The share of primary-school-age children working in rural activities
rose by approximately one percentage point in affected departments (about a 20 percent
increase relative to pre-reform levels) and declined slightly elsewhere. Panel (c) disaggregates
the post-reform increase by educational attainment within treated departments and shows that
the rise is concentrated among children with completed primary education and incomplete
secondary education, which precisely the margins along which dropout increased in Section 6.

33Arauca is excluded because it is not surveyed at the same frequency as the rest of the Colombian departments
in the household survey.

3“The pre-treatment controls include per capita GDP, the number of terrorist attacks at the municipality level,
the homicide rate, rural population, and agricultural GDP.
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Taken together, the causal and descriptive evidence suggests that the calendar reform
increased the probability that rural children work and reduced the share who remain in school.
These results are consistent with a time allocation mechanism in which students substitute
schooling for agricultural work. Overall, greater overlap between academic calendars and
agricultural cycles appears to raise the opportunity cost of schooling, leading households to
substitute children's schooling with labor supply during peak agricultural periods.

8. Conclusions

This paper studies the economic consequences of time con icts between social institutions
and economic activities, focusing on the overlap between school calendars and peak labor
demand in agrarian economies. We document that academic calendars across countries in
southern latitudes are systematically misaligned with local agricultural cycles, and we show
that this misalignment re ects colonial institutional legacies rather than adaptation to local
economic conditions. Former colonies that gained independence after their colonizers had
institutionalized public schooling tend to retain inherited calendar structures, whereas coun-
tries that became independent earlier adapted their calendars to local conditions. Exploiting
this colonial legacy as a source of identifying variation, our cross-country instrumental vari-
able estimates indicate that a one percentage point increase in the overlap between school
and agricultural calendars raises the share of primary-school-age children out of school by
approximately 0.4 percentage points, with effects concentrated among former colonies.

To examine the underlying mechanism, we exploit a 2010 calendar reform in Colombia
that shifted public schools in Narifio and Valle del Cauca from a September—June to a January—
November academic calendar, increasing the overlap with local harvesting periods in affected
regions. Using administrative school-level data and a synthetic difference-in-differences
design, we nd that the reform reduced enroliment by nearly 25 percent, raised dropout
rates by approximately 1.7 percentage points on average—trising to 2.5 percentage points
by the end of the sample, a 50 percent increase relative to the pre-reform baseline—and
lowered grade promotion. The effects are concentrated among primary-school students in
rural areas and are largest in veredasvhere the reform generated the greatest increase in
calendar overlap. Consistent with a time-allocation mechanism, child labor participation rose
in treated departments following the reform, particularly among children at the margin of
school continuation.

Taken together, the cross-country and within-country evidence point to a common mech-
anism: when school calendars overlap with periods of high agricultural labor demand, the
opportunity cost of schooling rises and households substitute children's schooling with farm
work. The magnitudes implied by the Colombian natural experiment are consistent with those
obtained from the cross-country instrumental variable estimates, suggesting that institutional
timing is a quantitatively important and previously overlooked determinant of human capital
accumulation.

Our ndings have direct policy implications. Much of the existing response to school
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dropout in developing countries has focused on resource-intensive interventions such as con-
ditional cash transfers or investments in school inputs. Our results suggest that adjusting the
timing of the school year to better align with local economic conditions offers a complementary
and largely costless margin for improving educational outcomes. More broadly, the evidence
highlights that inherited features of institutional design—even those as routine as the timing
of the academic year—can have rst-order consequences for economic development, and that
realigning social institutions with local economic conditions can yield substantial gains for
human capital accumulation.
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A. Additional Figures and Tables

Appendix Figure A.1: Worldwide Academic Calendars by Latitude and Colonizer

Notes:The gure shows the share of school days in each month. For each country, the information corresponds to
the most recent school calendar data available. Source: Own elaboration based on of cial sources.
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Appendix Figure A.2: First-Stage Relationship

(a) Leave-one-out overlap, Full sample (b) Leave-one-out overlap, Colonies

(c) Overlap x colonial persistence, Full sample (d) Overlap x colonial persistence, Colonies

Notes: The gures shows a scatterplot between the measured overlapping between harvesting and school
calendars according to equation 2.3, and the IVs Z-9° and ZEP.
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Appendix Figure A.3: Schools Distribution

Notes. Each dot represents a school in the estimation sample. Source: Own elaboration based on data from
DANE.
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Appendix Figure A.4: Main Crop by Vereda

Notes.The gure shows the main harvested crop in each vereda Stimulants include coffee, tea, and cocoa. Veredas

shown in white indicate areas for which no information is available. Source: Own elaboration based on data
from the Global Agro-Ecological Zones (GAEZ) v4 - FAO.

Appendix Figure A.5: Harvesting Calendars for Main Crops in Affected Departments

Notes.This gure plots the proportion of days dedicated to harvesting activities in each month, relative to the
total annual harvesting for each crop. Stimulants refer to coffee, tea, and cocoa. Data come from the Colombian
Ministry of Agriculture.
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Appendix Figure A.6: Harvesting Calendars - Narifio and Valle del Cauca

(a) Banana (b) Fruits and Nuts
(c) Maize (d) Potato and Sweet Potato
(e) Stimulants (f) Sugarcane

Notes. The gures show the proportion of days dedicated to harvesting activities in each month, relative to the
total annual harvesting for each crop. Source: Own elaboration based on data from the Colombian Ministry of
Agriculture.
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