From the Field to the Classroom:

The Boll Weevil’s Impact
on Education in Rural Georgia

RicHARD B. BAKER

Iexamine how production ofachild labor—intensive crop (cotton) affected schooling
in the early twentieth-century American South. Because cotton production may
be endogenous, presence of an agricultural pest (the boll weevil) is employed as
an instrument. Using newly collected county-level data for Georgia, I find a 10
percent reduction in cotton caused a 2 percent increase in black enrollment rate,
but had little effect on white enrollment. The shift away from cotton following the
boll weevil’s arrival explains 30 percent of the narrowing of the racial differential
in enrollment rates between 1914 and 1929.

Asubstantial literature documents the importance of racial differences
in schooling in accounting for the black-white earnings differen-
tial in the early to mid-twentieth century (see, Smith 1984; Smith and
Welch 1989; Margo 1990; Donohue and Heckman 1991). On average,
the quantity and quality of schooling was lower for blacks than for whites
around 1900, but the racial gap narrowed over the twentieth century. The
literature finds that measured school quality (Orazem 1987; Margo 1987,
1990; Walters, James, and McCammon 1997), the Rosenwald Rural
Schools Initiative (Aaronson and Mazumder 2011), parental charac-
teristics (Fishback and Baskin 1991; Margo 1987; Walters, James, and
McCammon 1997; Walters, McCammon, and James 1990), and family
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structure (Moehling 2004) account for part of the racial differentials in
school enrollment and attendance. However, this literature has largely
neglected the role of cotton, the main product of the region where most
black children lived.

In the early twentieth-century South, harvesting the cotton crop
required a large number of extra workers from September into December.
Children, who had the advantages of short stature and nimble fingers,
were employed, both formally and informally, to fill this seasonal
demand. The harvest overlapped with the timing of the traditional school
year, forcing parents to choose between sending their kids to school or
to the fields. Because farmers, when deciding how much cotton to plant,
likely took into account the availability of their children to help harvest
the crop, cotton production may be endogenous to the schooling decision.
Thus, I use the timing of the arrival of the boll weevil, an invasive pest
that consumes the cotton plant, as an instrumental variable.

Since cotton generated more demand for child labor than did its substi-
tutes, the shift away from cotton production following the arrival of the
boll weevil provides an exogenous drop in the marginal product of child
labor in agriculture. Because such a drop in child productivity reduces
the opportunity cost of schooling, it is predicted to have a positive impact
on school enrollment and attendance. And, while the shock itself is race
blind, the schooling response is expected to be stronger for blacks than
for whites because black children were more likely to be farm laborers
(U.S. Bureau of the Census 1913). If the cotton economy indeed had a
differential impact on enrollment and attendance by race, then the shift
away from cotton could explain an economically significant share of the
substantial gains in educational attainment made by blacks relative to
whites during the early twentieth century.

This article focuses on Georgia, a major cotton-producing state with
excellent records on education and wealth. The boll weevil arrived in
Georgia in 1915 and infested nearly all of the cotton-growing regions
by 1919 (Hunter and Coad 1923). Immediately prior to the invasion,
Georgia was the nation’s second largest cotton producer; its record 1911
crop topped 2.82 million bales. After the spreading pest drove up produc-
tion costs, farmers switched from cotton to alternatives, including corn,
sweet potatoes, and peanuts. By 1923, cotton production in Georgia had
fallen to 600,000 bales, one-fifth of the record high (Haney, Lewis, and
Lambert 2012). A major contribution of this article is to construct a novel
database on education and wealth. Georgia published annual statistics
on taxable wealth, allowing for control of the potentially confounding
effects of wealth on educational investments. In addition, underexploited
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published reports by the Georgia Department of Education contain
detailed annual information on school enrollment, attendance, finance,
and quality. I have compiled statistics from the reports of the Georgia
Department of Education and Comptroller-General into a large panel
dataset at the county level with annual observations from 1909 to 1922.
These data let us go beyond the existing historic literature on race and
education, which largely uses samples of census data supplemented with
indicators of school quality (Fishback and Baskin 1991; Margo 1987,
1990; Walters, McCammon, and James 1990)."

My results suggest that reduced cotton production significantly
increased the enrollment rate of blacks, but had little impact on the
education of white children. Specifically, I find that a 10 percent reduc-
tion in cotton production increased the enrollment rate of blacks by 2
percent. Reduced-form results show the arrival of the boll weevil caused
a4 percent increase in the black enrollment rate, or a 2.8 percentage point
increase at the 1914 mean (the year prior to contact with the boll weevil
in Georgia). This amounts to a 14.6 percent reduction in the racial gap in
enrollment.

This work supports the ideas that (1) child labor has a negative impact
on educational outcomes, including exam performance (Gunnarsson,
Orazem, and Sanchez 2006), years of schooling (Beegle, Dehejia, and
Gatti 2009), and school attendance (Boozer and Suri 2001); and that
(2) restrictions on child labor increased educational attainment (Margo
and Finegan 1996; Acemoglu and Angrist 1999; Lleras-Muney 2002;
Stephens and Yang 2014). While much of this literature considers child
labor more generally and often focuses on urban employment, I show
that the seasonal demand for child labor in agriculture can have substan-
tial negative impacts on educational outcomes, particularly for the poor.
Child labor—intensive crops, such as cotton, tea, coffee, sugarcane, and
tobacco, are the primary agricultural products in many developing coun-
tries (U.S. Department of Labor 1995, 2012). My results are suggestive
of the broader impacts of programs that encourage the production of less
child labor—intensive crops.

! There are two important exceptions: Donohue, Heckman, and Todd (2002) use local-level
panel data on education in Georgia from 1911 to 1960 to examine the impact of philanthropy and
litigation on school quality. My independently-collected dataset significantly expands on the data
they used by adding statistics on number of schools, enrollment by sex, enrollment by grade, total
receipts, and school-age population by sex, as well as data on wealth. Carruthers and Wanamaker
(2013) use local-level panel data on education in five states, including Georgia, from 1910 to 1940
to evaluate the effects of Rosenwald donations. Data for this article was collected independently
and contemporaneously.
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HISTORICAL BACKGROUND

Cotton was King of the Southern Economy

Georgia, like much of the South, was principally an agrarian economy
in the early twentieth century, with agriculture employing 63 percent
of the labor force in 1910. Moreover, the value of all crops (excluding
animal products) was more than twice the value added by manufacturing.
The staple of this agrarian economy was cotton, which accounted for
66 percent of the value of all crops in 1909 (U.S. Bureau of the Census
1913).

The dominance of cotton had important implications for the entire
household, for cotton, unlike many other crops, did not differentiate
between the labor of men, women, and children during much of the
growing season, and particularly during harvest. Since the harvesting
of cotton remained non-mechanized until the mid-twentieth century,
between 1.1 and 2.0 trillion bolls of cotton were picked entirely by hand
each year (U.S. Bureau of the Census 1935). Thus, the cotton harvest,
which began in September and stretched into December, was a family
affair. In fact, small nimble hands and short stature gave children an
advantage over adults in the tedious task. While not the norm, it was
not unusual for children between ten and 15 years of age to pick more
than adults. Even some younger children were able to pick substantial
amounts; in Hill County, Texas, for example, a six-year-old girl main-
tained a picking rate of 80 pounds a day, or approximately one-half the
adult male average (Bradley and Williamson 1918; Matthews and Dart
1924). Due to the near perfect substitutability of adult and child labor in the
harvest, cotton generated a high demand for child labor from September to
December.

Agriculture was by far the largest employer of children. In 1910, 43.4
percent of ten to 15 year-olds living in Georgia worked, of which 88.3
percent were employed in farming. Moreover, these youth made up 19.4
percent of the agricultural labor force (U.S. Bureau of the Census 1913,
1924). These young farm laborers were more likely to be black; 40.8
percent of blacks aged ten to 15 were employed in agriculture, as opposed
to 26.9 percent of comparably-aged whites (Ruggles et al. 2010).

The majority of these child laborers undoubtedly worked the cotton
fields. When children in a North Carolina township, selected to be repre-
sentative of conditions in the Cotton Belt, were asked about their farm
chores, 66 percent of white children and 76 percent of black children
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ages five through 15 reported doing field work during the agricultural
season of inquiry. Of these, 98 percent of white and 100 percent black
children reported picking cotton (Bradley and Williamson 1918). In Rusk
County, Texas, 98 percent of children engaged in field work reported
picking cotton (Matthews and Dart 1924).

The child labor demands of cotton were greater than alternative crops
such as corn, peanuts, and sweet potatoes.? While 98 percent of chil-
dren doing field work in Rusk reported picking cotton, only 13 percent
picked corn and 5 percent picked peanuts (Matthews and Dart 1924).
On harvesting corn, the second most common crop in Georgia: “It is
doubtful whether any child who is not fairly well-grown should have this
sort of work to do, since reaching the highest blades necessitates consid-
erable muscular strain” (Bradley and Williamson 1918, p. 51). Thus, a
shift away from cotton production would have reduced the productivity
of children in agriculture. Such a shift was caused by the arrival of the
boll weevil.

The Coming of the Boll Weevil

The boll weevil, Anthonomus grandis, is a small beetle native to Central
America and Mexico.? It is thought to have crossed from Mexico into
southern Texas near Brownsville in 1892. It then steadily spread north
and east, engulfing almost the entire Cotton Belt by 1922. As shown in
Figure 1, the boll weevil entered Georgia in 1915 and infested all cotton
counties by 1920 (Hunter and Coad 1923).

The insect’s spread through the South had a disastrous impact on
cotton production. After being attacked, the fiber-producing squares and
bolls usually yellow and drop from the cotton plant, reducing output.
While ample anecdotal evidence of the pest’s destruction exists, only
recently has its impact been examined empirically. Fabian Lange, Alan
L. Olmstead, and Paul W. Rhode (2009) show that the boll weevil
reduced cotton production by approximately 50 percent within five years
of its arrival in a county. While the weevil devastated some cotton fields,
particularly those of the Sea Island variety in southeast Georgia, and
significantly damaged late-maturing bolls (the top-crop), the presence of

2 During this period, Georgia was not a significant producer of rice, sugarcane, or tobacco,
which also have the potential to generate a high demand for child labor (U.S. Bureau of the
Census 1913).

* See Lange, Olmstead, and Rhode (2009) for a concise history of the boll weevil and Giesen
(2011) for in-depth discussion.
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FIGURE 1
THE SPREAD OF THE BOLL WEEVIL THROUGH GEORGIA

Notes: The map displays the year of arrival of the boll weevil for the counties of Georgia. For a
few counties, the boll weevil was found at the end of the 1916 season but was absent in 1917; 1
use the second, and final, year of arrival for these counties, as described in Online Appendix A.
Source: Adapted from Hunter and Coad, 1923, The Boll Weevil Problem, p. 3. Base map provided
by National Atlas of the United States, 30 July 2013, http://nationalatlas.gov.
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the boll weevil did not altogether preclude cotton production. Rather,
it reduced yield and necessitated costly pest-control measures.* The
decreased returns to farming cotton “under boll weevil conditions”—a
commonly-used phrase in contemporary media—caused farmers to shift
to less child labor—intensive alternatives.

The arrival of the boll weevil reduced the South’s reliance on cotton,
and thus had substantial implications for the entire household due to the
crop’s unique labor demands. Therefore, the spread of the boll weevil
through the Cotton Belt provides a unique natural experiment through
which I examine the role the cotton economy played in household labor
allocation and schooling decisions.

Southern Schooling and Cotton

Since the timing of the cotton harvest conflicted directly with fall
schooling, school superintendents both reduced the length of the school
term and altered its timing to accommodate the demand for children to
work in the field. As an example of the latter, in Morgan County, Georgia,
the black schools ran “4 months in the Winter, December, January,
February and March. Then two in the Summer, July, August” (Georgia
Department of Education 1913, p. 124). Also, William J. Collins and
Robert A. Margo (2006, p. 143) observe that “schools in cotton coun-
ties (black and white) were open fewer days per year than elsewhere to
accommodate seasonal demands for child labor.”

Given its length, however, the cotton harvest inevitably affected school
attendance and enrollment despite these accommodations. County super-
intendents attest to the impact of child labor in cotton on schooling. They
often blamed low enrollment and attendance numbers on large cotton
harvests. For example, the superintendent of Jones County remarked:
“The enrollment of white children is slightly below former years, as is also
the average, but the children had to pick cotton” (Georgia Department of
Education 1912, p. 152). A year later, the Baker County superintendent
made a similar statement: “We had a six months term, but our attendance
was not as good as we would have liked for it to have been, owing to the
fact of a very large cotton crop” (Georgia Department of Education 1913,
p. 101).

4 Early insecticides recommended by the U.S. Department of Agriculture (USDA) offered
limited protection against the boll weevil (National Research Council 1981). Not until 1919 was
calcium arsenate found to provide effective control of the weevil (Haney, Lewis, and Lambert
2012).



Boll Weevil's Impact on Education in Rural Georgia 1135

Daily attendance data from Hancock County hint at cotton’s impact
on education.” Attendance was lowest at the start of the school year,
increased throughout the fall, and plateaued in the winter. This pattern
holds for all races and sexes, but it is a more prominent feature of atten-
dance for blacks. This is consistent with the hypotheses that the cotton
harvest depressed school attendance during the fall and had a greater
negative effect for blacks.

Southern Schooling and Race

Despite the significant expansion of public education in the Southern
United States in the early twentieth century, there remained large racial
disparities. The South’s segregation policies mandated the creation of
two separate school systems, which were in practice anything but equal.
Figure 2 shows the time trend of several measures of school quality in
Georgia between 1900 and 1930. As shown in panel (a), the number of
teachers per 100 school-age children averaged 2.2 for whites but only 1.2
for blacks. The disparity is slightly reduced by restricting the denominator
to include only enrolled children; the racial differential in the number of
teachers per 100 same-race enrolled students was only 0.75 (see panel
[b]). Additionally, the human capital of black teachers was on average
lower than that of white teachers. While the percentage of teachers having
received normal training (instruction in teaching standards at a normal
school, or teachers college) was increasing for both races, the percentage
of black teachers receiving normal training consistently lagged behind
that of whites by an average of 18 percentage points, as displayed in
panel (c). Moreover, school term length, as panel (d) shows, was consis-
tently shorter for blacks by about a month on average.

The educational attainment of blacks lagged behind that of whites as
well. In 1900, the school attendance rate of southern children aged five to
19 was 34 percent for blacks and 52 percent for whites. This difference
in school attendance culminated in a large gap in educational attainment.
The cohort of blacks born between 1890 and 1894 in the South completed
just 5.1 years of schooling on average, nearly three years fewer than their
white counterparts. However, the racial gaps in education narrowed over
time. By 1940, the racial gap in school attendance was just 3.8 percentage
points, compared to 18 percentage points four decades earlier. Similarly,

5 See Online Appendix C for details and discussion of the Hancock County daily attendance
data.
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TRENDS IN SCHOOL QUALITY IN GEORGIA BY RACE, 1900-1930

Source: Calculated using data collected from the Georgia Department of Education, Annual
Report of the Department of Education to General Assembly of the State of Georgia, 1901-1931.
The number of teachers with normal training is not available after 1922. The length of the school
term was not reported separately by race prior to 1909.

the gap in educational attainment fell to 1.1 years of schooling for the
cohort born between 1930 and 1934 (Collins and Margo 2006).

The history of the black-white education gap in Georgia illustrates
these points. Figure 3(a) presents the years of schooling of whites versus
blacks by five year birth cohorts in Georgia. While the educational attain-
ment of both races trended upward over the early twentieth century,
growth was faster for blacks than whites. Figure 3(b), which shows white
minus black years of schooling by birth cohort, gives a better sense of
the timing of this convergence. The racial education gap remained rela-
tively constant at around 3.5 years of schooling until the 1910-1914
birth cohort when it began to fall at a fairly steady rate. Yet there was
no contemporaneous increase in the quality of black schools relative to
white schools in Georgia that can explain this trend break, as evidenced
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GAP IN YEARS OF SCHOOLING BY FIVE-YEAR BIRTH COHORT IN GEORGIA

Source: Calculated using the IPUMS census data (Ruggles et al. 2010).

by Figure 2.° The timing of the arrival of the boll weevil in Georgia, and
the resulting shift away from cotton production, however, corresponds to
the beginning of the convergence of the black-white education gap. The
first cohort whose schooling decisions would have been fully affected by
the weevil in Georgia was the 19101914 birth cohort. This suggests that
the fall in cotton production in the wake of the boll weevil’s arrival may
explain part of the initial narrowing of the racial gap in education in the
South.

DATA

To analyze the role of the cotton economy in determining educational
outcomes, I have collected county-level data from the Annual Report
of the Department of Education to the General Assembly of the State
of Georgia for the years 1909 to 1922. The statistical summaries are a
source of a variety of data on school quantity and quality at the county
level. Useful statistics on school quantity include the number of children
enrolled in school by grade and by sex and average daily attendance.
Controls for the quality of education include the number of schools and
teachers, days of school per year, and total receipts. Also, Georgia took
a quinquennial census of the school-age population, which provides the
total school-age population of each county by sex. With the exception of

¢ As a possible exception, the Rosenwald Fund began donating monies for the construction of
schools serving black children in 1913 (Aaronson and Mazumder 2011), the potential confounding
effects of which are considered later.
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receipts, all of the above mentioned educational statistics were reported
separately by race. In addition, the Report of the Comptroller-General
provides detailed statistics on taxable wealth, from which I collected total
wealth by race for each county.

I also collected data from three sources previously exploited by Lange,
Olmstead, and Rhode (2009) to analyze the impact of the boll weevil
on cotton production. First, Cotton Production in the United States
provides the number of bales of cotton ginned, an excellent proxy for the
amount of cotton grown, in each county. Second, USDA maps of the boll
weevil’s spread (Hunter and Coad 1923, p. 3) are used to create a variable
tracking the presence of the boll weevil at the county level. Third, the
United States Historical Climatology Network provides historical data
including monthly totals of precipitation, which I use to estimate total
summer rainfall at the county level—an alternative exogenous shock to
cotton production.

EMPIRICAL FRAMEWORK

My first hypothesis is that exogenous reductions in cotton production
increased the school enrollment rate of children by reducing the marginal
product of child labor in agriculture.” Secondly, this effect is predicted to
have been greater for blacks than for whites because black children were
more likely to be employed as farm laborers.®

While the conflict between the cotton harvest and school attendance in
the fall is obvious, the relationship between cotton and enrollment may
be less clear, for example, since the harvest did not directly conflict with
school attendance in February. However, over the school term topics
generally build upon one another, growing in complexity. Thus, the
marginal benefit of a day of school is decreasing in the number of days
missed at the beginning of the term. Since the cotton harvest overlapped
with the beginning of the school term, a child participating full time in
the harvest would miss the first few weeks to months of school, lowering
the marginal benefit of attending school later. For some, this decrease in
the value of schooling may have been great enough to prevent attendance
altogether.

7 For reasons of data quality detailed in Online Appendix A, I use enrollment rate rather than
attendance rate as the dependent variable of primary interest.

8 This prediction can also be motivated by a model of the time allocation of the child where
the household allocates the child’s time between school and work to maximize utility from
consumption and the child’s future earnings. In such a framework, the fact that white households
were wealthier than black households, on average, suggests that black enrollment rates would be
more responsive to a shock to the marginal product of child labor (for details, see Baker 2014).
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I use county-level cotton production as a proxy for the marginal
product of child labor in agriculture.” A potential concern with this
approach is the existence of alternative mechanisms by which exogenous
changes in cotton production could affect the household schooling deci-
sion. First, a negative shock to cotton production, such as the arrival of
the boll weevil, would negatively affect household wealth. Since wealth
is positively correlated with schooling, the wealth effect would bias the
expected relationship toward zero. To mitigate this concern, average
wealth at the county level is included as a control.!® Additionally, lower
household wealth implies a reduction in the tax base and, potentially, a
reduction in funds for education. In Georgia, however, most school board
receipts were apportioned from the State School Fund rather than being
raised by local taxation in the early twentieth century. Georgia’s School
Fund did not change in response to cotton production, which suggests
that the boll weevil had little impact on school finances. Nevertheless, to
address this concern, I control for school board receipts per school-age
child.

A simple regression of measures of education () on bales of cotton
ginned (COTTON) could be used to examine the hypotheses. This linear
regression is represented by the following equation:

yct:ﬁ*COTTO]\/;t—i_Y)(ct—’_Qc—’_et—i_gct’ (1)

which includes controls X for county ¢ and year ¢, as well as county
and year fixed effects. County-level controls include average wealth
and measures of school quality (teachers per 100 same-race children of
school age, schools per 1000 same-race children of school age, days of
school per year, and school board receipts per child).'! The coefficient of
interest is 3, the effect of cotton output on measures of education.

® One might imagine using the price of cotton relative to other crops as a proxy for the value
of the marginal product of child labor in agriculture (following, for example, Schultz 1985; Qian
2008). However, annual variation in cotton price was largely determined by output, resulting in
a negative correlation between output and price. If marginal product of labor was increasing in
output, as argued here, then price does not provide a good proxy for the value of the marginal
product of child labor in this context. Additionally, world price does not provide any cross-county
variation and would thus be absorbed by year fixed effects.

10 Because average wealth here is based on assessed, rather than market, value, it may understate
the true effect of the boll weevil on property values. For this reason and because I cannot control
for changes in the distribution of wealth, some potential for bias remains. Thus, the results may
understate the true impact of a change in the marginal product of child labor on schooling.

I Since some of these control variables are likely to have been partially determined by
enrollment rate, and are thus endogenous in equation (1), in each analysis that follows I show
results of specifications excluding and including the full set of controls.
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However, one concern with the above methodology is the likely endo-
geneity of cotton production to schooling decisions. A farmer, when
deciding how much cotton to plant in the spring, would likely consider
whether his children would be available to help with the fall harvest. If
the children were to attend school, their labor could not be counted on in
the fall. Thus, ordinary least squares (OLS) estimates of equation (1) are
likely contaminated by reverse causation: increased schooling, and thus
a reduction in the supply of child labor, caused a fall in cotton produc-
tion due to the higher marginal cost of labor. I address this concern by
using an instrumental variables strategy to estimate the effect of cotton
production on educational outcomes. Therefore, bales of cotton ginned,
COTTON , is treated as endogenous and modeled as

COTTON,=nZ,+AX +0 +0 +v, 2)

where Z_ is an indicator variable for the presence of the boll weevil in
county c in year ¢.

The validity of the boll weevil as an instrument is easily argued. The
boll weevil is certainly relevant to cotton production; Lange, Olmstead,
and Rhode (2009) find that total cotton production fell by approximately
50 percent within five years of contact. The exclusion restriction is that
the boll weevil influenced schooling only through its effect on cotton
production, a reasonable assumption as the boll weevil’s only direct
effect was on cotton. Due to the insect’s narrow diet, it had no direct
impact on humans, livestock, or other crops. Furthermore, there is no
reason to think that schooling decisions could have affected the spread of
the boll weevil, which can fly up to 50 miles in search of food. Validity
of the presence of the boll weevil as an instrument is further explored in
a later section.

I also consider the reduced-form specification, given by the substitu-
tion of equation (2) into equation (1). This provides an estimate of the
overall impact of the boll weevil’s arrival on enrollment rates. Since
reduced-form effects are computed by OLS, they are unbiased and do
not require large sample sizes for statistical properties to hold; the same
cannot be said of 2SLS estimates (Angrist 2005).

Two restrictions are imposed on the sample of counties included in
the analysis. First, the analysis is limited to those counties that main-
tained public schools for blacks throughout the study period. There
were 11 counties that had small black populations and did not always
provide schooling for black children. Second, the analysis is limited to
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cotton-producing counties. There are 12 counties in Georgia for which
there are no data on cotton production for part of the study period.
Most are in the mountainous area of northeast Georgia or along the
coast. Due to overlap, these two restrictions eliminate only 14 coun-
ties. Additionally, to provide a balanced panel of consistently-defined
geographical units, I merge counties whose borders changed within the
time period studied into the smallest consistent unit. Between 1909 and
1922, 14 new counties were created from parts of 22 existing ones. The
adjustment for border changes merges these 36 counties into eight “super
counties.”'? Altogether, these adjustments reduce the number of counties
in the sample from 160 to 121."* Thus, data on 121 Georgia counties over
14 years, 1909—1922, are used throughout the analysis.

RESULTS

Summary statistics for 1914, the year prior to contact with the boll
weevil in Georgia, are shown in Table 1. In 1914, 70.7 percent of school-
age black children were enrolled in school, compared with 85.4 percent
among whites, for a racial difference of 14.7 percentage points. The racial
gap in average daily attendance per school-age child was slightly larger,
15.9 percentage points. However, the average attendance rate, for both
races, at these county schools was fairly low at 49 percent.

There was also a substantial racial gap in school resources. White
schools were open for roughly 6.5 months a year, while black schools
ran only 5.5 months on average (assuming 20 school days per month).
Additionally, there were 2.4 white teachers per 100 white children of
school age, but only 1.4 black teachers per 100 black children of school
age. Even after adjusting for differences in enrollment rate, the racial
differential in student-teacher ratio is very large. On average, there
were 51 enrolled black students per teacher, but only 35 enrolled white
students per teacher. In terms of schools, there were 2.9 fewer schools for
blacks per 1,000 school-age children than for whites. However, blacks
were much more likely to attend one-room schools, whereas whites often
attended multi-room graded schools. So this measure of access to schools
likely understates the true disparity. The average school board received
less than six dollars per school-age child. Statewide expenditures for 1914
show 73 percent of funds were spent on whites, 17 percent on blacks,

12 The results presented are robust to the exclusion of these “super counties.”
13 The sample represents 93.8 percent of the total population and 95.9 percent of the rural
population of Georgia in 1910 (U.S. Bureau of the Census 1913).
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TABLE 1
SUMMARY STATISTICS FOR GEORGIA, 1914

Mean

All Black  White Diff.

Variable Definition () 2 3) 4

enrollment  Enrollment rate 0.780 0.707 0.854  —0.147***
(0.137)  (0.136) (0.093) (0.015)

Enrollment rate, female 0.811 0.746 0.875  —0.129%**
(0.141) (0.142) (0.107) (0.016)

Enrollment rate, male 0.751 0.669 0.834  —0.165%**
(0.151)  (0.150) (0.098) (0.016)
attendance  Daily attendance over school-age pop. 0.494 0.414 0.573  —0.159%**
(0.123)  (0.101) (0.087) (0.012)
teachers Teachers per 100 school-age children 1.902 1.378 2422 —1.043%**
(0.811) (0.482) (0.735) (0.080)
schools Schools per 1000 school-age children 13.461  12.035 14.886 —2.851%**
(5.497) (4.850) (5.749) (0.684)
term length Days of school per year 119.984 108.711 131.256 —22.545%**
(24.872) (19.311) (24.763)  (2.855)
receipts School receipts per school-age child (¢) 531 — — —
(224) — — —
wealth Wealth per same-race school-age child 1,124 121 2,126 —2,005%**
(2,317)  (129)  (2,956) (269)
cotton bales Bales of cotton ginned 22,524 — — —
(19,322) — — —

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*** = Significant at the 1 percent level.

Notes: Columns (1) to (3) report means for 1914 with standard deviations in parentheses. Column (4)
reports the difference in means estimated from regressions with an indicator variable for blacks and
presents standard errors in parentheses.

Sources: See the text.

and 10 percent on items not reported separately (Georgia Department
of Education 1915). Since blacks made up 46 percent of the school-age
population, black schools were clearly not equal to white schools, consis-
tent with work in the “separate-but-equal” literature (Kousser 1980;
Margo 1990).

Table 2 begins the examination of the relationship between cotton
and schooling, presenting reduced-form effects of the boll weevil on log
enrollment rate. The coefficient of 0.039 in column (1) implies that the
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TABLE 2
REDUCED-FORM REGRESSIONS OF LOG ENROLLMENT RATE ON BOLL WEEVIL

Black White Both
(6] (@) 3 “ ®) Q)
boll weevil 0.039** 0.039** 0.009 0.008 0.002 —-0.002
(0.019) (0.017) (0.012) (0.012) (0.014) (0.013)
black — — — — —0.217***  —0.177%%*
— — — — (0.014) (0.047)
black X weevil — — — — 0.043***  (0.051%**
— — — — (0.013) (0.012)
In(teachers) — 0.314%** — 0.266%** — 0.283%**
— (0.056) — (0.045) — (0.037)
In(schools) — 0.241*** — 0.074** — 0.026
— (0.080) — (0.034) — (0.033)
In(term length) — 0.093*** — 0.078** — 0.020
— (0.032) — (0.031) — (0.028)
In(receipts) — -0.012 — 0.026* — 0.010
— (0.017) — (0.013) — (0.013)
In(wealth) — 0.013 — -0.034 — —0.047%*
— (0.026) — (0.037) — (0.020)
Observations 1,692 1,657 1,693 1,665 3,385 3,322
R-squared 0.584 0.692 0.468 0.564 0.545 0.641

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

**% = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects. See Tables D1 and D2 in the Online Appendix for the results of
specifications including county-specific linear time trends and interaction terms.

Sources: See the text.

boll weevil explains a 4 percent (% — 1) increase in the school enroll-
ment rate of black children. This result suggests the boll weevil increased
the enrollment rate of blacks by 2.8 percentage points at the 1914 mean, or
placed roughly an additional 10,000 black children ages six through 18 in
school in the state of Georgia alone. Column (2) shows the boll weevil’s
effect to be robust to the inclusion of wealth and school quality controls.'

14 Additionally, Table D1 in Online Appendix D shows that the result for blacks is robust to
the inclusion of county-specific linear time trends and interaction terms between the boll weevil
dummy and county-level controls.
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Conversely, the results for whites in columns (3) and (4) suggest that the
boll weevil caused less than a 1 percent increase in school enrollment
rate, but these estimates are not statistically different from zero.

To test whether the effect of the boll weevil differed significantly
by race, columns (5) and (6) present reduced-form estimates of pooled
regressions of log enrollment rate on the presence of the boll weevil, an
indicator for blacks, and their interaction. The coefficients on the inter-
action term are positive and highly significant, confirming that the boll
weevil had a greater positive impact on black enrollment rate than white
enrollment rate."”> The results shown in Table 2 reveal that the arrival
of the boll weevil, an exogenous, negative shock to cotton production,
increased the enrollment rate of blacks and reduced the racial gap in
enrollment by 14.6 percent at the 1914 mean. Moreover, the boll weevil
accounts for 30 percent of the convergence in black and white enrollment
rates between 1914 and 1929 in Georgia.'®

Table 3 presents two-stage least-squares estimates of the model given
by equations (1) and (2) with log enrollment rate as the dependent vari-
able. The first-stage results, presented in columns (1) through (3), reveal a
strong negative effect of the boll weevil on cotton production in Georgia,
consistent with the work of Lange, Olmstead, and Rhode (2009). The
—0.205 coefficient on the presence of the boll weevil in column (1), for
example, suggests that the boll weevil was associated with a 19 percent
(e — 1) decline in total output. This result is robust and highly signifi-
cant across specifications. The fact that the estimated effect of the boll
weevil on cotton remains almost unchanged when controls for either
race are included suggests that the boll weevil is a good instrument.
Furthermore, the first-stage Kleibergen-Paap F-statistic for the excluded
instrument ranges from 16.85 to 17.36, allaying concerns that the boll
weevil is a weak instrument.'” In summary, these first-stage results

15 Table D2 in Online Appendix D shows these estimates to be highly robust.

16 This figure is calculated as follows: A 4 (1) percent increase in black (white) enrollment rate
is equivalent to a 2.62 (0.87) percentage point increase in the statewide black (white) enrollment
rate in 1914 of 65.4 (87) percent. Thus, the enrollment gap narrowed by 1.75 percentage points
due to the boll weevil. Between 1914 and 1929, the racial differential in enrollment rate fell by
5.8 percentage points, of which the boll weevil can account for 30 percent. A 15 year span yields a
conservative estimate. Alternatively, between 1914 and 1922, the racial gap in enrollment rate fell
by 3.9 percentage points, of which the boll weevil accounts for 45 percent. Statewide enrollment
rates were calculated from Georgia Department of Education (1915, 1923, 1931).

17 The Kleibergen-Paap F-statistic is the heteroskedasticity- and cluster-robust form of the
Cragg-Donald F-statistic. The reported F-statistics exceed the critical value of 16.38 for the 5
percent level test that the maximum size is no more than 10 percent (Stock and Yogo 2005),
suggesting that presence of the boll weevil is not a weak instrument.
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TABLE 3
2SLS ESTIMATES OF COTTON’S EFFECT ON ENROLLMENT RATE

First Stage Second Stage
Black White Black White
O] 2 A3) “ &) (6) @)
boll weevil —0.205%** —0.211%** —(0.203%** — — — —
(0.049) (0.050) (0.049) — — — —
In(cotton bales) — — — -0.191* -0.176** —-0.042 -0.040
— — — (0.099)  (0.090) (0.059) (0.059)
In(teachers) — -0.093 0.123 — 0.304%** — 0.270%**
— (0.120) (0.096) — (0.056) — (0.048)
In(schools) — -0.234 —-0.053 — 0.205%**  — 0.084**
— (0.150) (0.138) — (0.078) — (0.035)
In(term length) — 0.209 —-0.085 — 0.126%**  — 0.063%*
— (0.132) (0.153) — (0.048) — (0.031)
In(receipts) — 0.083 0.077 — 0.001 — 0.028**
— (0.054) (0.050) — (0.021) — (0.014)
In(wealth) — 0.151%** 0.168 — 0.040 — -0.030
— (0.073) (0.196) — (0.030) — (0.038)
Observations 1,668 1,632 1,640 1,667 1,632 1,668 1,640
R-squared 0.871 0.872 0.870 0.463 0.574 0.457 0.552
Kleibergen-Paap
F-statistic 17.20 17.36 16.85 — — — —

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*** = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects. The dependent variable in the first stage is log cotton bales ginned,
and the dependent variable in the second stage is log enrollment rate.

Sources: See the text.

confirm the relevance of the boll weevil and suggest that it is a strong
instrument for cotton production.'®

The second-stage results, also shown in Table 3, suggest large racial
differences in schooling response to changes in cotton production. The
—0.191 coefficient on log cotton bales in column (4) suggests that a 10
percent reduction in cotton production caused a 2 percent (0.9 — 1)

18 Using the boll weevil and summer rainfall (discussed later) as instruments, Hansen’s J-test of
overidentifying restrictions suggests both are independent of the second-stage error term (results
shown in panel (b) of Table D4 in Online Appendix D).
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increase in the school enrollment rate of blacks. The model in column (5)
shows this result is robust to the inclusion of race-specific school quality
and wealth controls. As for whites, the coefficient for log cotton bales in
column (6) suggests that a 10 percent reduction in cotton production led
to a 0.4 percent increase in enrollment rate. However, the relationship
between cotton and white enrollment is not statistically significant. The
differential results by race are consistent with the hypothesis that blacks
were more sensitive to changes in cotton production than whites.

The results for the school quality controls in Table 3 are as expected.
The number of teachers, number of schools, term length, and school
receipts are all positively correlated with enrollment rate. Interestingly,
the number of schools appears to have a greater effect on enrollment rate
for blacks than whites: a 10 percent increase in the number of schools is
associated with a 2 percent increase in enrollment rate for blacks but only
a 0.8 percent increase for whites. The racial difference might be because
an increase in the number of schools reduced the cost of attendance for
blacks more than whites, since whites had better access to transportation.

The effect of cotton production on enrollment rates across sex is also
worth exploring. If females had a lower marginal product of labor in
the cotton harvest than males, then their school enrollment might be
less affected by cotton production. Indeed, the gap between the male
and female enrollment rate of black children, as seen in Table 1, may
be in part due to a higher demand for black males in the production of
cotton. Table 4 displays the second-stage results of 2SLS regressions of
log enrollment rate broken down by race and sex. A 10 percent decrease
in cotton production led to a 2.2 percent increase in the enrollment rate
of black males (column [1]) and a 1.7 percent increase in the enrollment
rate of black females (column [3]). The magnitude of these effects is only
slightly reduced by the addition of wealth and school quality controls,
while the coefficients are statistically significant at the 10 percent level.
However, the estimated coefficients for black males and females are not
statistically different from one another. As shown in columns (5) through
(8), the effects of cotton on the enrollment rate of white males and females
are negative but small and statistically insignificant.

To understand the mechanisms at play, it is necessary to consider
how enrollment responded relative to the timing of the boll weevil’s
arrival. Lange, Olmstead, and Rhode (2009) show that cotton produc-
tion increased just prior to the insect’s arrival, suggesting that farmers
attempted to produce a final big crop when the pest’s arrival was eminent.
If farmers pulled children out of school to help with these large, pre—
boll weevil harvests, then the estimates in Table 2 may overstate the net
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TABLE 4
2SLS ESTIMATES OF COTTON’S IMPACT ON LOG ENROLLMENT RATES BY SEX

Black White
Male Female Male Female
ey (2) 3) “) (5) (6) @) (3)
In(cotton bales) -0.210* —-0.186* -0.160 -0.156* -0.036 -0.029 -0.042 -0.046

(0.113)  (0.104) (0.101) (0.092) (0.061) (0.061) (0.067) (0.067)

Observations 1,667 1,632 1,667 1,632 1,667 1,639 1,667 1,639
R-squared 0.469 0.579 0445 0.538 0450 0.551 0.449 0.518
County controls No Yes No Yes No Yes No Yes

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*** = Significant at the 1 percent level.

Notes: Presence of the boll weevil is the instrumental variable. Standard errors adjusted for
clustering by county in parentheses. All regressions include county and year fixed effects. Even
columns include county-level wealth and school quality controls.

Sources: See the text.

effects of the boll weevil on enrollment rates, due to an Ashenfelter dip.
Considering the schooling response relative to the boll weevil’s arrival
date addresses this concern.

Therefore, I replace the indicator for the presence of the boll weevil
with six leads and four lags for the year of its arrival. The empirical speci-
fication of the reduced form becomes

k<4

yct :Z'l;;—é,k;tOﬁk ¥ l[t_ BVVc = k]+cht +Gc +0t +¢c[+gcl’ (3)

where BW_denotes the year the boll weevil entered county c. The speci-
fication includes the county-level controls for school quality and wealth
(X,) and county-specific linear time trends. The indicator for the year of
the boll weevil’s arrival is omitted, so all effects are measured relative to
the year of contact. A single categorical variable is used to indicate four
or more years after contact, and a separate variable indicates six or more
years before contact. Thus, f3 , represents the long-run average effect six
or more years before the weevil arrived, and B, represents the average
effect four or more years after contact.

Figure 4 presents the transformed coefficients on the leads and lags,
with solid lines representing main effects and dashed lines indicating 95
percent confidence intervals. Panel (a) shows that the boll weevil had a
relatively small immediate impact on bales of cotton ginned, but three
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A. BALES OF COTTON GINNED
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FIGURE 4
COTTON PRODUCTION AND SCHOOL ENROLLMENT RELATIVE TO THE BOLL
WEEVIL’S ARRIVAL

Notes: The 95 percent confidence intervals are indicated by the dashed lines. Figure D1 in Online
Appendix D shows trends in mean enrollment rates by race. Since the boll weevil arrived in
some counties of Georgia as late as 1920, not all counties are represented in the sample three
and four years after the boll weevil’s arrival. Unfortunately, comparable statistics on schooling
are not available for blacks for the 1923 school year. However, adding statistics from 1924 for
the counties infested with the boll weevil in 1920 does not noticeably change the above figures.
Source: See the text.
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years after its arrival production had fallen by more than 50 percent. This
result is similar to that of Lange, Olmstead, and Rhode (2009).

Panel (b) of Figure 4 shows that the enrollment rate of blacks began
to increase the year prior to the boll weevil’s arrival; two years after
the arrival date, the black enrollment rate had increased by roughly 5
percent relative to the year of arrival, with no sign of a reversal four years
after being hit. This suggests that household schooling decisions fully
responded to the presence of the boll weevil two years after its arrival.
The increase in enrollment just prior to contact suggests there may have
been anticipation effects. Children may have been enrolled in school with
the expectation that the boll weevil’s impending arrival would increase
the relative returns to education, as farming cotton no longer seemed
a prudent career choice.”” Most importantly, there is only a slight dip
in enrollment rate two years prior to contact, which is not statistically
different from the pre-boll weevil trend, allaying the above mentioned
concern regarding the possibility of an Ashenfelter dip inflating estimates
of the boll weevil’s effect.”’ In comparison, the effect of the leads and
lags of the boll weevil’s arrival on the enrollment rate of whites yields a
remarkably flat line (shown in panel [c]).

Alternative Measures of Education

I now consider the boll weevil’s impact on alternative educational
outcomes starting with attendance rate, defined as average daily atten-
dance divided by the school-age population. Columns (1) through (3) of
Table 5 present the results of regressions testing for racial differences in
the boll weevil’s impact on log attendance rates. The 0.042 coefficient
on the interaction term black X boll weevil in column (1) implies the boll
weevil differentially increased black attendance rates, showing a relative
gain of 4.3 percent; this reinforces the results for enrollment.?!

Also, the first grade retention rate (the proportion of children held back
to repeat first grade) might have been affected by the demand for child

1 The timing is complicated by the fact that the agricultural year and the school year do not
perfectly coincide. The extent of the boll weevil infestation at the end of the agricultural year
was revealed prior to the end of the school year. Thus, the increase in enrollment in the year
prior to contact may not have occurred until after the conclusion of the cotton harvest, as some
households predicted it would be their last boll weevil free crop. However, it should not be a
surprise that some households changed their behavior in response to the imminent arrival of the
boll weevil, whose destruction and advance was well publicized. Indeed, Lange, Olmstead, and
Rhode (2009) find evidence that farmers modified their behavior just prior to contact.

2 The estimates presented in Tables 2 through 4 are robust to the exclusion of observations
from two years prior to the boll weevil’s arrival. Thus, this dip is not driving the above results.

21 The results of 2SLS regressions of log attendance rate on log cotton bales, comparable to
those for enrollment, are shown in Table D5 in Online Appendix D.
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TABLE 5
THE BOLL WEEVIL’S IMPACT ON OTHER EDUCATION MEASURES

Attendance Rate 1st Grade Retention Rate
ey 2 (3) C)) (5) (6)
boll weevil -0.010 -0.012 -0.017 0.097 0.087 0.107
(0.022) (0.021) (0.019) (0.079) (0.079) (0.079)
black —0.327%*%*  _0.167*** —0.147***  (.344%** -0.108 -0.149

(0.019) (0.047) (0.048) (0.047) (0.203) (0.225)

black X weevil ~ 0.042%%  0.043%**  0.039%%*  _0.126*  —0.110  —0.117*
0.016)  (0.014)  (0.014)  (0.066)  (0.069)  (0.066)

Observations 3,378 3,317 3,317 2,799 2,767 2,767
R-squared 0.581 0.696 0.743 0.333 0.354 0.467
County controls No Yes Yes No Yes Yes
Time trends No No Yes No No Yes

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*** = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects. Columns (2), (3), (5), and (6) include race-specific controls for wealth
and school quality. Columns (3) and (6) include county-specific linear time trends.

Sources: See the text.

labor in cotton production. The infrequent attendance of blacks, perhaps
due to their participation in the cotton harvest, led to a distortion in the age-
for-grade distribution because some children did not attend enough days of
school to advance from one grade to the next. Additionally, irregular enroll-
ment often led to the repetition of grades. Thus, as southern farmers moved
away from cotton, the first grade retention rate of blacks is expected to fall.
The Georgia Department of Education did not report the first grade reten-
tion rate directly. But Finis Welch (1973) argues that the ratio of first to
second grade enrollment serves as a good proxy for the first grade retention
rate in the absence of growth in enrollment. Since the above results suggest
that the overall enrollment rate changed significantly with the arrival of the
boll weevil, at least for blacks, this simple ratio must be adjusted for the
growth rate of enrollment (as described in Online Appendix B).

The results of pooled reduced-form regressions of log first grade
retention on the indicator for presence of the boll weevil, an indicator
for blacks, and their interaction are also presented in Table 5. The results
in column (4) suggest that the boll weevil reduced the first grade reten-
tion rate of blacks 13 percent more than it reduced that of whites, and is
significant at the 10 percent level. Columns (5) and (6) show the result to
be fairly robust to the inclusion of county-specific linear time trends and
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wealth and school quality controls. This suggests the arrival of the boll
weevil also reduced the racial difference in first grade retention.

THREATS TO VALIDITY

Summer Rainfall as an Alternative Instrument

One concern with using the boll weevil as a natural experiment is that
such a dramatic and sustained drop in cotton production would likely
induce structural changes in the local economy, affecting, for example,
wealth and adult wages, which directly influence schooling. While reduc-
tions in wealth and income negatively affect school enrollment, implying
that the above estimates understate the effect of cotton production on
schooling, other changes may imply the opposite. If the relative returns to
education increased, for example, then the second-stage estimates shown
in Table 3 would be biased away from zero. An alternative instrument
with a more transient impact on cotton production would be unlikely to
have long-run impacts on the local economy and, therefore, useful in
confirming the above results.

One potential alternative instrument with a seasonal effect on cotton is
total summer rainfall.?> With regard to relevance, too little rainfall does
not seem to have been a problem in Georgia, but too much rain was.
Gavin Wright (1986, p. 81) notes that cotton required at least 25 inches
of precipitation in the absence of irrigation—a condition met for every
county-year in the sample. Prolonged periods of soil moisture, however,
invited pathogens that reduced yield (Tharp and Young 1939). Indeed,
“uniformly dry and hot weather during the growing season always
contributes to the best results in cotton growing” (U.S. Bureau of the
Census 1912, p. 9). As for the exclusion restriction, since school was not
in session during the summer, rainfall during this season would have no
direct effect on school enrollment.” However, caution should be observed
as summer rainfall may affect schooling through omitted variables.

22 Other instrumental variables considered include the world price of cotton relative to other
crops (namely, corn, tobacco, and sugarcane) and soil conditions. Unfortunately, price lacks
cross-county variation and soil composition lacks temporal variation, conflicting with the use
of year and county fixed effects, respectively. Thus, specifications using either as an instrument
likely suffer from omitted variable bias. Neither approach yields robust estimates. Summer
rainfall has the advantage of providing both geographic and temporal variation, making it a
stronger instrument in this context.

3 A few counties opened schools for blacks in July and August (Georgia Department of
Education 1909-1912), perhaps to accommodate the cotton harvest. While rainfall in the summer
may have had a negative impact on attendance during this two-month term, it is unlikely to have
had an impact on enrollment.
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TABLE 6
REDUCED-FORM REGRESSIONS OF LOG ENROLLMENT RATE ON SUMMER RAIN

Black White
(M @ ©) “4)
In(summer rain) 0.064** 0.051** —0.004 —0.009
(0.028) (0.025) (0.019) (0.018)
Observations 1,692 1,657 1,693 1,665
R-squared 0.584 0.692 0.468 0.564
County controls No Yes No Yes

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*#% = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects. Columns (2) and (4) include race-specific controls for wealth and
school quality.

Sources: See the text.

Table 6 presents reduced-form effects of log summer rainfall on log
enrollment rate by race. The results in columns (1) and (2) confirm a
positive and statistically significant relationship between summer rain-
fall and enrollment rate for blacks. The coefficient of 0.064 in column
(1) suggests that a 10 percent increase in summer rainfall led to a 0.6
(1.1%94— 1) percent increase in the black enrollment rate.** The estimates
for whites suggest a negative correlation between summer rainfall and
enrollment rates, but once again they are not statistically significant.

Table 7 presents 2SLS regressions of log enrollment rate on log cotton
bales with log summer rain as the instrument. The first-stage results,
displayed in columns (1) through (3), show that log summer rain is a very
strong instrument for cotton production; the F-statistic for the excluded
instrument is above 45 in every specification. The —0.496 coefficient in
column (1) suggests that a 10 percent increase in summer rainfall results
in a 5 percent decrease in cotton output—consistent with the observa-
tion that excessive rainfall made the crop susceptible to pathogens. The
result is highly significant and robust across specifications, confirming
the relevance of summer rainfall to cotton production.

The results of the second stage, presented in columns (4) through (7),
look quite similar to those presented in Table 3. They show that reduc-
tions in cotton production have a positive and statistically significant
effect on the enrollment rate of blacks, while having little, if any, effect on
white enrollment. These estimates support the relevance of the marginal

24 At the mean level of summer rainfall, a one standard deviation (or 22.3 percent) increase in
summer rain led to a 1.3 percent increase in black enrollment rate.
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TABLE 7
2SLS ESTIMATES OF COTTON’S EFFECT ON ENROLLMENT RATE, SUMMER RAIN

First Stage Second Stage
Black White Black White
(M @ 3 “4) &) 6 @)

In(summer rain) ~ —0.497*** —(0.494*** (. 518*** — — — —
(0.073) (0.072) (0.074) — — — —

In(cotton bales) — — — —0.144** —0.108** -0.013  0.011
— — — (0.061)  (0.054) (0.038) (0.035)

Observations 1,668 1,632 1,640 1,667 1,632 1,668 1,640
R-squared 0.872 0.873 0.872 0.514 0.643 0.474 0.569
Kleibergen-Paap

F-statistic 45.39 45.84 4791
County controls No Yes Yes No Yes No Yes

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

*** = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects. The dependent variable in the first stage is log cotton bales ginned,
and the dependent variable in the second stage is log enrollment rate. Columns (2), (3), (5), and (7)
include race-specific controls for wealth and school quality.

Sources: See the text.

product of child labor in the cotton harvest to the household schooling
decision, at least for blacks, allaying concern that alternative channels
drive the main result. However, the estimates presented here are slightly
smaller in magnitude than those in Table 3, suggesting that some of the
gains in black enrollment as a result of the boll weevil’s arrival may be
due to an increase in the relative returns to schooling.”

Concurrent Shocks to Schooling

Another possible threat to the validity of the boll weevil as an instru-
ment concerns shocks to school quality contemporaneous with the
insect’s arrival. For example, the school consolidation movement may
have spread from the southwest to the northeast of Georgia in a manner

% The preferred, just-identified specifications in Table 7 use log summer rainfall as the
instrumental variable. The results of 2SLS regressions using a quadratic in log summer rain in the
first stage are presented in panel (a) of Table D4 in Online Appendix D; first-stage model fit and
second-stage coefficients are little changed.

Additionally, since late spring and early summer rainfall is known to increase boll weevil
populations (Parajulee et al. 1996), the results of regressions including the boll weevil indicator,
log summer rainfall, and their interaction as instruments are included in panel (c) of Table D4 in
Online Appendix D. The second-stage results are robust to this alternative specification.
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TABLE 8
REDUCED-FORM REGRESSIONS OF SCHOOL QUALITY ON BOLL WEEVIL

Black White

In(teachers) In(schools) In(term) In(teachers) In(schools) In(term)

(1) (2) (3) (4) ©) (6)
boll weevil 0.011 -0.016 -0.007 0.002 0.008 -0.010
(0.019) (0.019) (0.011) (0.016) (0.015) (0.014)

Observations 1,691 1,693 1,662 1,693 1,693 1,667
R-squared 0.787 0.875 0.625 0.765 0.885 0.697

* = Significant at the 10 percent level.

** = Significant at the 5 percent level.

**% = Significant at the 1 percent level.

Notes: Standard errors adjusted for clustering by county in parentheses. All regressions include
county and year fixed effects.

Sources: See the text.

similar to the boll weevil. Table 8 shows results from regressions of
measured school quality, in logs, on the indicator for the presence of the
boll weevil. There is no significant relationship between the boll weevil’s
spread and the number of teachers, number of schools, or term length
for either race. Not only do these results ameliorate concerns of validity,
but they also help rule out shocks to the supply of schooling as a channel
linking cotton production and school enrollment.

Other events having a significant impact on schooling during this
period were the construction of Rosenwald schools for black children and
WWI. If Rosenwald school construction or participation in WWI were
correlated with the boll weevil’s arrival, then this could lead to spurious
correlation between the presence of the boll weevil and school enrollment
rates. The year of the boll weevil’s arrival is not a significant predictor of
early Rosenwald school construction or WWI enlistments. Nevertheless,
I add county-level controls for the presence of a Rosenwald school and
the number of new military enlistments over the school-age population
during the years of U.S. involvement in WWI. The second-stage results
are presented in Table 9. The estimates shown are comparable in magni-
tude and significance to those presented in Table 3.2° Therefore, the main
findings are robust to controlling for these specific events.

¢ The estimated effect of Rosenwald schools on black enrollment rate is comparable to that
found by Aaronson and Mazumder (2011) using census samples, but they find little effect of
Rosenwald school construction on whites. Carruthers and Wanamaker (2013), however, show that
whites benefited substantially from Rosenwald donations.
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TABLE 9
ROBUSTNESS OF 2SLS ESTIMATES OF THE IMPACT OF COTTON PRODUCTION
ON ENROLLMENT RATE
Black White
ey 2 (3) 4)
In(cotton bales) -0.182* —0.172%* -0.039 -0.036
(0.099) (0.090) (0.058) (0.058)
Rosenwald school 0.077%** 0.046* 0.034* 0.029*
(0.027) (0.026) (0.018) (0.016)
WWI enlistments -0.001 -0.010 0.024 -0.018
(0.096) (0.086) (0.029) (0.028)
Observations 1,667 1,632 1,668 1,640
R-squared 0.480 0.581 0.463 0.558
County controls No Yes No Yes

* Significant at the 10 percent level.

** Significant at the 5 percent level.

*** Significant at the 1 percent level.

Notes: Presence of the boll weevil is the instrumental variable. Standard errors adjusted for
clustering by county in parentheses. All regressions include county and year fixed effects.
Columns (2) and (4) include race-specific controls for wealth and school quality.

Sources: See the text and Online Appendix A.

Shifting Migration Patterns

Since this analysis uses a panel of counties rather than individuals,
there might be concern that migration is biasing the results. Shifting
migration patterns concurrent with the boll weevil’s arrival would be
troubling if, on average, either in-migrants had a higher preference for
schooling or out-migrants had a lower preference for schooling. Both
cases would upward bias the results presented in Table 2. There is signifi-
cant anecdotal evidence that agricultural workers migrated in advance
of the boll weevil, trying to stay ahead of its devastation (Giesen 2011).
Lange, Olmstead, and Rhode (2009) also show that local populations
swelled over the five years leading up to the boll weevil’s arrival and
declined thereafter, with the trend in the black population mirroring that
of the total population.

There is no reason to think that the population migrating ahead of
the boll weevil had a higher preference for education than the resident
population. Moreover, if they did, then one would expect to see a rise
in enrollment rates prior to contact with the boll weevil followed by a
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fall in enrollment rates after its arrival. However, Figure 4(b) shows no
evidence of a fall in enrollment rates after contact with the boll weevil.
Alternatively, if the children of migrants were less likely to enroll in
school, perhaps because they were more likely to work in the cotton
fields, then one would expect a fall in enrollment rates over the five
years leading up to contact with the boll weevil, but Figure 4(b) shows
no evidence of this pattern either. Additionally, recent work shows that
black migrants leaving the South during this period were positively
selected on the basis of education (Collins and Wanamaker 2014). This
suggests, if anything, my results are slightly downward biased due to
migration.

Trends in Child Labor

Between 1910 and 1920 there was a significant decrease in the number
of gainfully employed children that “was not limited to either sex, to any
part of the county, to any field of occupation, or to any special occupa-
tions” (U.S. Bureau of the Census 1924, p. 11).2” Moreover, this decrease
represents a deviation from the trend, as the employment rate of 10 to
15 year olds had remained fairly constant since 1890. This decline in
child labor could confound the estimates presented in this work if it was
correlated with, and not caused by, the spread of the boll weevil across
Georgia. However, the fact that both black and white children experi-
enced similar declines in employment over this period, and yet only the
schooling behavior of blacks changed in response to the boll weevil,
suggests that these child labor trends were secular.

CONCLUSION

This article documents the effect of the cotton economy on educational
outcomes in the early twentieth-century Southern United States. More
specifically, it considers how reductions in cotton production following
the arrival of the boll weevil affected school enrollment. While there is
little evidence that the cotton economy played a role in the schooling
decision of whites, my results clearly show that the demand for child
labor in cotton production suppressed the enrollment rate of blacks.

2 The U.S. Bureau of the Census (1924) speculates the decline in child labor is overstated
due to the Census of 1920 being taken in January when agricultural activity was relatively low
and because of changes in the instructions to enumerators. Also, decreased child labor in the
non-agricultural sector might be explained by the passage of two federal laws restricting the
employment of children in mining, quarrying, and manufacturing.
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The differential response to changes in cotton production by race is
expected because white children were less likely to be engaged in farm
work than were black children. This might be because whites, who were
wealthier on average than blacks, relied more on hired labor rather than
their children to harvest cotton. Still, the lack of a significant relation-
ship between cotton production and the enrollment rate of white children
is surprising, as a non-trivial share reported working as farm laborers
in 1910. Possible explanations include the following: First, if the boll
weevil had a greater negative effect on the wealth of whites, the estimates
for whites, relative to those for blacks, might be more biased toward zero
due to the role of the wealth effect in household schooling decisions
regarding both attendance and enrollment. However, the fact that the
estimates are little changed by the inclusion of average assessed wealth
should mitigate this concern.

Second, Lange, Olmstead, and Rhode (2009) show that farmers
responded to the boll weevil by pushing up the harvest season. Since
white schools had longer terms on average, it seems likely that they
started earlier in the fall than black schools (as was the case in Hancock
County). This suggests that the conflict between harvest and schooling
was reduced by a proportionately greater amount for blacks, relative to
whites, by the arrival of the boll weevil. This might explain the lack of
a significant effect of the boll weevil on white enrollment, but it fails
to explain the insignificant results for whites when using summer rain-
fall, which tends to delay the harvest. Neither does this explain the lack
of a response in the attendance behavior of whites to the boll weevil.
Unfortunately, the reports of the Georgia Department of Education
contain only scattered information on the timing of school terms. Thus,
this remains an open question for future research.

Nevertheless, the differential effect by race implies that the shift away
from cotton after the coming of the boll weevil significantly reduced
the black-white education gap. Furthermore, other events that reduced
the demand for child labor generated by cotton, such as the Agricultural
Adjustment Act and mechanization of cotton production, may have
contributed to convergence of the racial gap in education through the
mid-twentieth century. Indeed, John Cogan (1982) argues that mecha-
nization of farm production, and principally diffusion of the mechanical
cotton picker, explains a reduction by one-half in southern black teenage
employment between 1950 and 1970. If these black teenagers were
going to school instead, then mechanization could explain the continued
narrowing of the black-white differential in years of schooling through
the 1970s.
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The results of this article demonstrate that the production of a child
labor—intensive crop negatively affected educational outcomes in the
early twentieth century. This gives new insight into the role of the
seasonal demand for child labor in agricultural production in the house-
hold schooling decision. Further work might consider long-run effects
of the boll weevil on years of schooling, migration, and labor market
outcomes using linked census data. Additionally, an examination of how
the household schooling decision responds to different local cropping
patterns would be beneficial to the literature. Understanding how school
enrollment and attendance are affected by the demand for labor generated
by agriculture is key to understanding how to increase educational attain-
ment in rural areas of the developing world today.
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