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1 Introduction

Economic histories of the US identify a period of rapid economic growth beginning in the 1820s
and lasting to the outbreak of the Civil War (e.g., David 1967; Davis 2004), during which per-
capita income, real wages, and most other economic indicators of the standard of living increased
considerably (e.g., Costa and Steckel 1997; Goldin and Margo 1992; Margo 2000). Despite this
progress, the US entered the Civil War having taken a step backwards in another important facet
of the standard of living—health. The best known manifestation of this pattern was the decline
in average stature observed in the native-born Northern white male birth cohorts of the 1830s and
1840s (A’Hearn 1998; Floud et al. 2011; Fogel 1986; Komlos 1987; Margo and Steckel 1983; Zimran
2019).! Known as the Antebellum Puzzle because rising incomes would typically be expected to
improve health (Fogel 1994; McKeown 1976), this discrepancy between trends in economic and
biological indicators of living standards has complicated the interpretation of the welfare effects of
early modern economic growth in the US. Despite the importance of this pattern to US economic
history, questions remain regarding its causes.

The economic growth of the antebellum period was caused in part by a contemporaneous Trans-
portation Revolution that transformed the American continent and economy by expanding trans-
portation infrastructure into large areas that were previously unlinked and undeveloped (Taylor
1951). Although economic theory shows that the impact of transportation on health may be pos-
itive or negative, it has long been suspected that the antebellum transportation expansion may
also have contributed to the contemporaneous decline in health (Cuff 2005; Haines, Craig, and
Weiss 2003; McGuire and Coelho 2011; Yoo 2012). But the effect of transportation on health
in the antebellum US remains unclear because of data limitations (described by Atack 2013) and
methodological constraints faced by prior research.

In this paper, I exploit recent data and methodological advances to determine the effect of
transportation improvements on average stature in the rural US in the period 1820-1847. This
period encompasses the decline in average stature that constitutes the Antebellum Puzzle (Craig

2016; Zehetmayer 2011). It also captures infrastructure expansion on a massive scale into previously

!There is also evidence of a decline in life expectancy during this period (Fogel 1986; Pope 1992).



isolated areas, consisting largely of construction of the canal network in the Northeast and Midwest
and of expansions in navigability of the Mississippi River system and its major and minor tributaries
through improvements in steamboat technology and the clearance of hazards to navigation. I focus
on the rural population because this is the sector in which transportation is hypothesized to have
contributed to declining health, and because this was the sector in which the bulk of the decline in
stature occurred (Steckel 1995).2

My analysis is based on two main data sources that together enable me to link individuals’ adult
height—a common measure of health in historical settings that reflects net nutritional status in
childhood and adolescence (Floud et al. 2011; Steckel 1995)—to the transportation linkage status of
their county-year of birth.? In particular, I use height data from the records of enlisters in the Union
Army (Records of the Adjutant General’s Office 1861-1865). This source provides information on
the heights, counties of birth, and birth cohorts of 25,566 native-born rural white men in the birth
cohorts of 1820-1847 in the Northeast and Midwest regions of the US. To describe the development of
the transportation network in the antebellum US, T use GIS shape files created by Atack (2015, 2016,
2017), which provide the location and opening date of all canals, railroads, and steamboat-navigable
waterways in the antebellum US. This source marks an improvement over the transportation data
available in previous investigations of the link between transport and health in the antebellum
US (Haines, Craig, and Weiss 2003; Yoo 2012), for which only approximations of the state of the
transportation network in a single year were possible (Atack 2013). I use these data to compute
Donaldson and Hornbeck’s (2016) market access statistic for all counties east of the Mississippi
River for each year 1820-1847, which is my main measure of transportation linkage.

The main empirical challenge of this paper is to determine the impact of transportation im-
provements on height while addressing the possibility that any correlation between the two might
be driven by omitted and potentially unobservable variables. For instance, local characteristics
might spur economic growth, attracting transportation, affecting health, and creating a spurious

relationship between the two. Two aspects of my analysis, made possible by the new data and

ZSteckel (1995, p. 1927) points out that “the search for understanding should recognize that most of the mid-
nineteenth century height decline occurred within the rural population.”

31 focus on the birth year because there is evidence that conditions in early life have the strongest impact on
adult stature (e.g., Steckel 1995; Woitek 2003). I explore the effects at different ages in Online Appendix B.



methods that I use to measure transportation linkage, enable me to address these concerns to an
extent not possible in prior studies of the link between transportation and health in the antebellum
US (Cuff 2005; Haines, Craig, and Weiss 2003; Yoo 2012). First, the panel structure of the data
on a county’s transport linkage enable me to estimate specifications that include county fixed ef-
fects, capturing location-specific characteristics that might create a spurious relationship between
transportation and height. Second, my use of the market access statistic to measure transportation
linkage makes it possible to control directly for potentially endogenous transportation linkage and to
identify the effects of market access on health using variation generated by construction elsewhere in
the network, which is less likely to be related to confounding factors that might relate construction
in a county to its health (Donaldson and Hornbeck 2016; Hornbeck and Rotemberg 2019).

I find a negative effect of transportation linkage, as measured by market access in the county-
year of birth, on health, as measured by adult stature. The magnitude of this relationship is large:
in my preferred specification, I find that a one-standard deviation increase in market access reduced
average stature by 0.14 inches. To put this figure in perspective, average stature in my data declined
by 0.82 inches from 1820 to 1847, and Zimran (2019) estimates that urbanites during this period
suffered a height penalty of 0.29 inches relative to ruralists.

I also investigate one possible mechanism for the negative effect of transportation on average
stature, which attributes the deleterious impact of transportation to the increases in population
density that transportation generates. I refer to this as the local development mechanism. In combi-
nation with insufficient sanitation and public health infrastructure in this period, such concentration
of population would have made previously undeveloped locations less healthy (Costa 1993; Floud
et al. 2011; Steckel 1995). Consistent with this mechanism, I find a positive impact of market access
on population density. Heterogeneity in the impact of market access on population density and
stature provides further support for this mechanism. In particular, I find that the effects of market
access on increasing population density were stronger in counties where the suitability for wheat and
corn production was greater (Food and Agriculture Organization 2002). This result is consistent
with the importance of these goods in long-distance trade (Atack and Passell 1994, pp. 292-294):

counties that were better able to produce these grains would have benefited more from improved



linkage to markets, leading to greater population growth in these counties.* I also find that the
negative impact of market access on stature was stronger in counties with greater wheat and corn
suitability. Thus, counties where population density increased the most in response to rising market
access were those where the deleterious effect of market access on average stature was the greatest.
This is consistent with rising population density contributing to the decline in stature.

This paper contributes to the literature seeking to understand the causes of the deterioration
of average stature in the antebellum US (e.g., Costa 1993; Haines, Craig, and Weiss 2003; Komlos
1998; Steckel 1995). Several theories have been proposed to explain this decline (Floud et al. 2011),
and much evidence consistent with these theories has been marshaled. But well identified causal
evidence that any particular factor caused declines in height in the antebellum US is lacking. In this
paper, I provide direct and plausibly causal evidence as to a potential explanation for this puzzle
by showing that the effect of market access on average stature, combined with the rise in market
access over the antebellum period, can explain 37 percent of the decline in stature.® Moreover, by
providing evidence consistent with the local development mechanism, which attributes the decline
in health to epidemiological factors, the paper contributes to the debate over whether the changing
epidemiological environment was a contributor to the antebellum decline in health (e.g., Costa 1993;
Komlos 2012).

This paper also brings the impacts of the antebellum period’s transportation improvements
into sharper focus, adding to the literature on the impacts of transportation improvements in the
nineteenth-century US. Recent data improvements have enabled scholars to better determine the
causal effects of transportation improvements in this context, but the focus has typically been on
the impact of railroads on economic development (e.g., Atack et al. 2010; Donaldson and Hornbeck
2016; Hornbeck and Rotemberg 2019). This paper broadens the scope of analysis of such work
to health impacts, and also adds to the literature studying the effects of canal construction and

expansions in river navigability,® which were the main transportation improvements in the period

4This population growth might come from a Malthusian response to rising income (Ahmad 2019) or from migration
to these areas.

5Studies commonly find a negative cross-sectional relationship between height and some factor, and then attribute
falling heights to an increase in that factor. The panel data in this paper enable me to find factors directly associated
with within-county height declines, which I refer to as “direct evidence.”

5The main studies of the effects of canals are Niemi (1970), Ransom (1967, 1970, 1971), and Segal (1961).



that I study.

Outside the nineteenth-century US, although there is a large literature describing the impacts of
transportation improvements on a variety of economic outcomes,” such as urbanization and indus-
trialization, the effects on health have received far less empirical attention and are not understood
as well. To my knowledge, only a few studies (Ahmad 2019; Burgess and Donaldson 2012; Tang
2017) exist determining the causal effect of transportation on health in specific cases.® This paper
contributes to this literature by providing an analysis of the effect of transportation on health in the
context of a large and historically important infrastructure expansion. It shows, with attention to
causality, that despite the well known economic benefits of this expansion, it had a negative impact

on health.

2 Transportation and Health in the Antebellum US

2.1 The Antebellum Puzzle

Modern economic growth in the US began around 1820 (David 1967). This was the beginning of a
long process that eventually brought the US to world economic leadership and led to a drastic long-
run improvement in living standards, including health (Fogel 1994). In the shorter run, however,
the welfare effects of modern economic growth are less clear. Whereas income per capita and wages
rose in the first few decades of US modern economic growth (Costa and Steckel 1997; Goldin and
Margo 1992; Margo 2000), health declined. The average height of native-born Northern white males
in the US declined by between 0.65 and 1.25 inches (depending on the estimate) between the birth

cohorts of 1830 and 1860 (A’Hearn 1998; Floud et al. 2011; Komlos 1987; Zimran 2019). It was not

"Specific case studies of the impacts of transportation improvements on a variety of economic outcomes are given
by Atack et al. (2010), Baum-Snow et al. (2018), Bogart et al. (2019), Donaldson (2018), Donaldson and Hornbeck
(2016), Duranton and Turner (2012), Emran and Hou (2013), Ghani, Goswami, and Kerr (2016), Jacoby (2000),
Jacoby and Minten (2009), Jaworski and Kitchens (2019), Storeygard (2016), and Tang (2014), among others.

8Indeed, Bogart (2018) discusses only a single economic history paper on the effects of transportation on health
(Tang 2017). There exist a number of studies that are suggestive of the effects of transport on health (e.g., Ali
et al. 2015; Banerjee and Sachdeva 2015; Bell and van Dillen 2018; Blimpo, Harding, and Wantchekon 2013; Stifel
and Minten 2015). But these studies are correlational, report effects on indices including health but not on health
separately, study very small regions, or focus on inputs to health rather than on health outcomes. They are also
generally constrained to study only short-term effects. More research is therefore needed to understand the impact
of transportation on health outcomes.



until nearly the birth cohort of 1900 that average stature would begin to rise again (Fogel 1986;
Steckel 1995; Zehetmayer 2011).2 Moreover, between the first and second quarters of the nineteenth
century, life expectancy at age 10 for males declined by about 3 years (Fogel 1986).

Despite a large body of research devoted to describing and debating the decline in health in the
antebellum US, a definitive explanation for it has not been identified. Recent scholarship favors a
combination of two mechanisms (Floud et al. 201 1).10 The first, the disease explanation, holds that
a variety of forces led to an increased exposure to disease during the antebellum period (Costa 1993;
Fogel 1986; Steckel 1995). The second, the food price ezplanation, argues that the decline in height
was the result of a rise in the relative price of food that led individuals to substitute away from food
consumption towards the consumption of manufactures (Komlos 1987; Komlos and Coclanis 1997).
Distinguishing between these explanations is important in determining the welfare effects of early
modern economic growth. Under the disease explanation, the decline in health was the product of
a negative externality of economic growth, the welfare effects of which were thus ambiguous; but
under the food price explanation, it was the product of utility-maximizing choice, implying that
welfare improved unambiguously during this period.

Although these explanations hypothesize that forces beyond the expansion of transportation
infrastructure in the period played a role in spreading disease and changing relative prices, both
also posit a role for transportation. Under the disease explanation, transportation may have carried
disease along with freight and passengers, bringing infection to places that it had once been unable
to reach (e.g., Tang 2017). Indeed, disease was prevalent in urban areas in the antebellum US
(Floud et al. 2011), and transportation linkages in rural areas may have facilitated the spread of
disease from urban areas to previously salubrious rural ones. Transportation may also have gener-

ated increases in local development (e.g., Atack et al. 2010; Donaldson and Hornbeck 2016). These

9Bodenhorn, Guinnane, and Mroz (2017) have argued that the observed decline in stature may have been an
artifact of sample-selection bias rather than of true trends in height, sparking a debate over true trends in population
stature (e.g., Bodenhorn, Guinnane, and Mroz 2019; Komlos and A’Hearn 2019). Zimran (2019) shows that although
there is some evidence of sample-selection bias in the data used to establish the antebellum decline in stature, there
was a true decline. Gallman (1996) and Komlos (1996) also discuss issues of the veracity of the observed trends in
average stature.

107 fact, there are at least fifteen distinct explanations, some of which are summarized by Bodenhorn, Guinnane,
and Mroz (2017, p. 175). Almost all, however, can be grouped into one of these two larger categories. Komlos (1998)
also surveys a number of possible mechanisms.



gains may have reduced health as greater population density or urbanization increased exposure
to disease by increasing contact between individuals and through the sanitation consequences of
greater concentrations of population (Costa 1993; Steckel 1995). Under the food price explanation,
transportation may have affected health through its impact on relative prices. The originally ru-
ral areas being linked to the transportation network in this period were largely food producing.
Transportation linkage in this setting would tend to increase the farm-gate price of food relative
to that of manufactures. Under certain price and income elasticities, this would induce individuals
to consume less food (or reduce expenditure on food), reducing health (Komlos 1987; Komlos and
Coclanis 1997).

Importantly, transportation need not have had a negative effect on health at all. Indeed, the
rising incomes generated by new transport links (e.g., Donaldson and Hornbeck 2016) might have
contributed to improving health, just as the rising incomes of the period were expected to improve
health. Indeed, Baten and Fertig (2009) find evidence of such a positive effect in Germany in the
late nineteenth century.

The empirical evidence underlying both of these explanations is limited. Largely as a result of
limited data availability for the antebellum period, much of the evidence that has been marshaled
in support of these explanations is suggestive, based either on cross-sectional correlations or on
national time series. Indeed, to my knowledge, there does not exist strong causal evidence showing
that any particular force caused declines in height.!

Among this prior research is the study of Haines, Craig, and Weiss (2003), to which the present
paper is most closely related. Haines, Craig, and Weiss (2003) study the relationship between height
(also using data from the Union Army records) and mortality, on the one hand, with transportation
and a variety of measures of local agricultural production on the other. They find that transporta-
tion presence was associated with average stature being lower by about 0.25-0.30 inches. The data
and methods available at the time that their study was carried out prevent the results from being
given a strong causal interpretation. First, Haines, Craig, and Weiss’s (2003, pp. 391-392) measure

of transportation linkage was an indicator of whether a county was on a navigable waterway in

"ndirect evidence is provided by Costa (1993), Haines, Craig, and Weiss (2003), Hong (2007), Komlos (1987),
McGuire and Coelho (2011), Sunder (2011), Sunder and Woitek (2005), and Woitek (2003), among others.



1840—the most detailed data available at the time. Besides the obvious limitations coming from
the lack of time variation in these data, Atack (2013, p. 318) describes the difficulty in ascertain-
ing the precise location of these waterways. Donaldson and Hornbeck (2016) also point out the
limitations of a binary indicator of transportation linkage, which does not capture the impacts of
construction elsewhere in the network. Moreover, Haines, Craig, and Weiss (2003) do not effectively
address issues of endogeneity in the relationship between transport and health. A host of factors
may have affected both transport linkage and health, creating a spurious relationship between the
two. Thus, while Haines, Craig, and Weiss’s (2003) results are consistent with transportation con-
tributing to the antebellum decline in health, convincing causal evidence does not yet exist. Similar
concerns constrain the related results of Cuff (2005) and Yoo (2012). Moreover, no prior evidence
exists regarding the mechanism by which transportation may have affected health in this context.
This paper is able to advance on all of these fronts, providing a clearer view of the role of the

Transportation Revolution in shaping the evolution of health in the antebellum US.

2.2 Transportation in the Antebellum US

The first major internal improvement in the US was the Erie Canal, completed in 1825. Though
coastal shipping was well developed by this point and some turnpikes had emerged, the interior of
the continent was virtually isolated from the Atlantic Coast. The Erie Canal was thus revolutionary,
dramatically easing interregional trade between the Northeast and the (upper) Midwest. The finan-
cial success of the Erie Canal sparked a surge in canal construction in the Northeast and Midwest,
with the greatest investment in canal construction occurring in the decade ending 1845. Although
many of these canals were financially unsuccessful, they had important impacts on the economic
development of the areas through which they passed and on the counties that they linked to the
broader market, increasing land values and reducing transport costs. The new canals also reshaped
trade patterns, with long-distance trade being rerouted from the Mississippi and Ohio rivers to the
Great Lakes and Erie Canal. Another main transportation innovation of the antebellum period
was the steamboat, with improvements in steamboat construction technology and the clearance of

hazards to navigation gradually opening first the main rivers and then the smaller tributary rivers



to steam navigation. The first railroads were also built in the antebellum period, but largely in the
1850s—after the study period of this paper (Atack and Passell 1994, pp. 150-159).

The impact of improved water transportation on agriculture is well documented. Canals and
steamboats made shipments of meat and grain from the Midwest to the markets of the Northeast
and Europe possible for the first time. Indeed, shipments from western states “grew at an average
annual rate of over 10 percent from the 1830s as production was increasingly oriented toward more
distant markets” (Atack and Passell 1994, p. 162). Competition from Midwestern farms also caused
a shift in the production of Northeastern farms towards more locally oriented goods, such as dairy
(Atack and Passell 1994, pp. 160-171).

The impacts of canal construction and improvements in river navigability on non-agricultural
outcomes, such as industrialization, have received less attention. However, some of the recent re-
search on the impacts of railroads in the antebellum US suggests that expanded water transportation
may also have had an effect on other forms of development. For instance, Hornbeck and Rotemberg
(2019) find that the railroad increased manufacturing, using data from the 1860 Census of Man-
ufactures. Such a potential impact of transportation is particularly important in the case of the
Northeast, where farming became less important after expanding water transportation increased
Midwestern competition, as discussed above. Atack et al. (2010) also find that the railroad caused
an increase in urbanization in the Midwest during the 1850s. All of these impacts of transportation
provide potential channels for transportation to have affected health. Among many other possible
outcomes, the income gains coming from greater ability to produce agricultural and industrial prod-
ucts for larger markets may have generated population growth, both due to Malthusian responses
(Ahmad 2019) and due to in-migration. This greater population concentration in turn may have

led to a greater prevalence of disease.



3 Data and Empirical Approach

3.1 Height Data

The main outcome on which I focus is adult height. This measure, which is commonly used as
an indicator of health in historical and developing contexts (e.g., Deaton 2007; Floud et al. 2011),
is unique in the antebellum US in that it is perhaps the only measure that can provide insights
into health for the bulk of the population for a number of years.!? Average stature is increased
by greater calorie and protein consumption and by a better sanitary environment, while strenuous
physical labor, malnutrition, and chronic disease tend to decrease it (Deaton 2007; Floud et al.
2011; Steckel 1995).13

Data on the heights of men born in the US in the years 1820-1847 are available from the records
of enlistments in the Union Army during the Civil War (Records of the Adjutant General’s Office
1861-1865). This widely used source is informative of height, place of birth, age, year of enlistment,
and place of enlistment. I combine three random samples of this source. The first comes from
the Union Army Project (Fogel et al. 2000), which provides information on a random sample of
approximately 40,000 individual observations from the original records. The second is provided

by Cuff (2005), yielding approximately 12,000 additional observations of men born in the state of

12 An alternative measure, the crude death rate, is available in the antebellum period, but only for a single year
(1850). It is therefore not possible to exploit changes over time in the transport network, as I do below in studying the
impacts on height. Nevertheless, I do provide a cross-sectional analysis of the correlation between transportation and
mortality in Table A.1 in Online Appendix A, finding additional evidence of deleterious health effects of transportation.
Time series of life expectancy are also available, but cover only specific subsets of the population. It is also possible
to link the records of Union Army soldiers who survived the war to their death records (e.g., Hong 2019), but this is
only possible for a limited portion of my sample (i.e., those who survived the war), and has only been performed for
an even more limited sample (i.e., war survivors from the Fogel et al. 2000 dataset), making this analysis impractical.
There are also concerns regarding selection into war survival as well as the effects of wartime experience on life
expectancy to consider in such an analysis.

13 Although declining height is generally understood to imply deteriorating health in historical contexts (e.g., Fogel
1986; Steckel 1995), it is also possible that declining height might be an indication of a shift from selection to scarring.
That is, declining average height might actually indicate better health if it allowed individuals who would have died
in infancy to survive but to reach shorter average terminal height than those who would have survived to adulthood
in the absence of improved health (Deaton 2007). Unfortunately, the data necessary to determine whether changing
height is the result of selection or scarring in the context of this paper are not available. As a result, I rely on the
standard interpretation of the historical heights literature, on the negative correlation between terminal height and
those mortality rates that are observed in this period (e.g., Floud et al. 2011; Fogel 1986; Haines, Craig, and Weiss
2003; Steckel 1995), and on the results presented in Table A.1 in Online Appendix A showing that death rates were
greater in counties with greater market access, to interpret declines in average stature as deteriorations (rather than
as imporovements) in health, and vice versa.
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Pennsylvania and serving in Pennsylvania regiments. Finally, I collected and digitized approximately
3,000 additional observations from the original records.

As is standard in the use of these data, I restrict the sample to white men born in the Northeast
or the Midwest. Coverage of the South is sparse because of the very limited representation of
southerners in the Union Army. I also exclude individuals measured before age 18, which implies that
the youngest birth cohort included in the sample is that of 1847. I also exclude birth cohorts older
than 1820 because of the relative lack of representation of these older cohorts in the military. Finally,
I limit the sample to those for whom county of birth, height, birth year, and age of measurement
are known.' After imposing these restrictions, 31,402 observations remained. For a subset of these
observations, the county of enlistment could also be determined.

I restrict attention to individuals born in counties that had no urban population in 1820, reducing
the sample to 25,566 individuals.!® I make this restriction for three main reasons. First, Steckel
(1995, p. 1927) points out that understanding patterns in height in the antebellum US requires a
focus on the rural sector. This sector encompasses the bulk of the population, and drove the bulk
of the decline in stature. Moreover, the decline in stature of the urban sector is less puzzling than
the decline of the rural sector, as the growing cities of the period were noted as unhealthy (e.g.,
Floud et al. 2011; Haines 2004); the challenge is to explain the health declines of rural areas. Second,
transport linkages are not hypothesized as explanatory factors for declining stature in urban areas—
indeed, if anything better transport linkages between cities and food-producing areas would tend to
improve health (Zehetmayer 2013). It is the effect of transport on rural areas that is important in
searching for an explanation for the Antebellum Puzzle. Finally, many transport links were built to
link the interior to specific urban areas (e.g., the Erie Canal, Pennsylvania’s Main Line, the C&O
Canal), implying that endogeneity of transport is particularly severe for these areas.

A key question regarding the enlistment data is whether they are representative of the broader

14Tn most cases, a county of birth is directly reported, and the individual is assigned to that county. In some
cases, a city or town of birth was reported instead. These were manually assigned to the appropriate county. In cases
where a state of birth is reported but no county is reported, and in which the individual was linked to a census in
1850 or 1860 (linkage was only performed for observations collected by Fogel et al. 2000), the individual is assigned
to his county of residence in the first census in which he is observed. One observation was removed because it listed
an enlistment year of 1860, which is impossible given the creation of the Union Army in 1861.

15Figure A.1 in Online Appendix A indicates the counties removed from the sample by this restriction.
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population of interest—mnative-born rural white males in the Northeast and Midwest in the birth
cohorts of 1820-1847. The over-sampling of Pennsylvanians is one obvious concern, which I address
by re-weighting so that the distribution of states of residence matches that of the 1860 census.
Another concern is that entrance into the Union Army was subject to a minimum height requirement.
Although this requirement was not stringently enforced, the left tail of the height distribution
was under-represented.!® The common approach in the historical heights literature is to use a
reduced-sample maximum likelihood estimator that omits any observations below the cutoff point
and assumes normality of the stature distribution (A’Hearn 1998). In the present context, however,
there were a number of individuals who were able to enlist despite the restriction, suggesting that this
is not a completely proper modeling of the role of the minimum height requirement on enlistment.
As a result, the results reported below do not use such a truncation-corrected regression. Online
Appendix C repeats the main results with this method of analysis, showing that the results are
robust to it.

A more nuanced concern is that selection into military service was non-random (Bodenhorn,
Guinnane, and Mroz 2017). This concern is mitigated by the fact that nearly half of the popula-
tion at risk for military service enlisted (Zimran 2019). For this reason, the Union Army data are
considered to be representative of the white male population of the Northern states (Fogel et al.
2000). This view is reinforced by Zimran’s (2019) formal investigation of bias in historical height
data sources, which finds that the height data in the Union Army records suffer from little bias.!”
Moreover, my inclusion of county, birth year, and enlistment year fixed effects in all main specifica-
tions addresses many of the possible forms of this bias, such as changing incentives for enlistment
over time (Bodenhorn, Guinnane, and Mroz 2017) and differences over counties in ideology (Zimran
2019, 2020). But in the end I am not able to rule out the possibility that selection may have varied
by county-birth cohort such that selection changed in response to transportation creating a rela-

tionship between observed height and transportation that does not reflect the relationship between

16This is shown in Figure A.2 in Online Appendix A.

1"The issues of selection bias also inform my choice to focus on the birth cohorts of 1820-1847. While height
data are available from military records for cohorts throughout the later antebellum period and nineteenth century,
Zimran (2019) shows that combining data from the Union Army and from the records of enlistments for the later
period can lead to strong selection bias, generated in part by the fact that after the end of the Civil War, only a
small fraction of the population entered the military and had its height observed.
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actual height and transportation.!® Despite this limitation, the Union Army data provide the best

available view of trends in health during the antebellum period.

3.2 Transportation Data

Information on transportation infrastructure is given by GIS shape files created by Atack (2015,
2016, 2017). These files provide the location of all steamboat-navigable rivers, canals, and railroads
in the continental US constructed or opened prior to 1914.1 These files do not provide information
on the location of turnpikes, but this omission is unlikely to have a major effect on results because
of the high costs of wagon transportation (Donaldson and Hornbeck 2016; Taylor 1951). These
shape files also provide the year in which any particular segment of canal, rail, or river first became
available (and, if applicable, when they ceased to be).

I use these data to create two measures of transportation linkage. The first is a simple measure
that takes a value of one in years in which a county was linked to water or rail transportation, and
zero otherwise.?? While it is a straightforward measure and is used in prior research (e.g., Atack
et al. 2010; Haines, Craig, and Weiss 2003), this faces some important limitations. First, it does
not capture the impacts of new forms of transportation entering already linked areas. Relatedly,
it treats all transportation links as equivalent, though it is clear that they would not be. More
importantly given the transportation history of the period, this binary measure does not capture
changes in the transportation network that affect a county but take place far away from it in the
network. Perhaps the most important such change in the study period is the construction of the
Erie Canal, which had profound effects on the Midwest’s ability to access markets despite all of the
construction being located in New York. An alternative measure that allows heterogeneity in the
value of a transport link and that captures the effects of distant construction is therefore preferable.

Donaldson and Hornbeck’s (2016) market access measure addresses these shortcomings, and is

therefore my second and preferred measure of transport linkage. Formally, the measure is created

18Ruling this out would require identifying a county-year-varying force affecting entry into the military but not
height.

19T have supplemented these files with my own hand-traced shape files describing the canals and rivers of the
St. Lawrence and Champlain waterways in Canada.

297 treat all coastal counties as being always linked. This simplification, as well as, for instance, treating all ports
as providing equal access to the ocean, is a coarse but necessary approximation.
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as follows. Following an algorithm described in Online Appendix D, I compute approximate iceberg
transportation costs, Tji: > 1, between each county pair jk in each year t € {1820, ...,1847}. These
costs are based on the least-cost shipping path between each county pair according to state of the
transportation network in each year and estimates of mode-specific transport costs by distance.

Market access in county j for year t is then defined as
MAj =107* ZPkakta (1)
k

where py, is the population of county k in 1820. The choice to use 1820 population rather than year
t population is made because allowing population to change over time would cause market access
to capture both improvements in transportation linkage and population growth.?! My interest is in
the effects of the former; the latter would have its own impacts on health. I compute equation (1)
using a value of # = —3.51,%? though ultimately the choice of @, which governs the rate at which
transport costs decrease connectedness, has little impact on the qualitative results.?3

Less formally, market access is a measure that increases as a county becomes closer—in the sense
of reduced transportation costs—to population in other parts of the country. As new transportation
links are constructed, they reduce transportation costs from one county to others (and differentially
so based on their location in space or in the network), increasing a county’s market access. In
many ways, market access provides similar information to the binary measure of linkage—given the
high cost of land transportation, the arrival of a transport link in an unlinked county drastically
reduces the transport cost between this county and all others, raising market access considerably.
But it is also a richer measure than this. Donaldson and Hornbeck (2016) explain that it can
capture the impacts of improvements throughout the transport network on a county. This is most
clearly illustrated by the construction of the Erie Canal, through it applies to all other transport

construction. The Erie Canal was built in upstate New York, and in the sense of the binary transport

21T have repeated the analysis with population fixed at 1840 and with year ¢ population (based on interpolation
between censuses). Results in each case are similar to those using 1820 population.

221 arrive at this value by estimating equation (3) by nonlinear least squares.

23 Any change in the value of 6 used will be largely offset by changes in the estimated value of 8 (Donaldson and
Hornbeck 2016, pp. 831-832) such that the estimated relationship between a one-standard deviation change in market
access and height is virtually unchanged. Indeed, when 6 is set to —1, the estimates of 8 are qualitatively almost
identical.
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indicator would appear to affect only those counties through with it passed. But it is well known
that the Erie Canal had a profound impact on the upper Midwest. The market access measure
captures this effect—the transport cost between Midwestern counties and the population centers
of the Northeast would be considerably reduced by the opening of a water route linking the Great
Lakes and the Atlantic, leading to an increase in the market access of the midwestern counties.
Market access also captures the arrival of new transport to already linked areas, and allows
heterogeneity in the impact of transport linkages—their impact depends on the ability of new
transport to reduce transport costs between a county and others in the US. For instance, construction
that linked one county only to another sparsely populated county would lead to a smaller increase
in market access than construction that linked that county to a major city. Similarly, the first
construction linking a county to a major city would generate a greater increase in that county’s

market access than a second link that only slightly reduced travel costs.

3.3 Other Data

I supplement the height and transportation data with county-level data from the decennial US
censuses of 1820-1850 (Manson et al. 2017). This source provides county-level population, urban
population (which, following the standard census definition, is the number of people living in places
of population 2,500 or greater), and data on agricultural and manufacturing production and em-
ployment. I supplement these data with Craig, Copland, and Weiss’s (2012) data on the nutritional
value of agricultural production for 1840 and 1850 and with data on suitability for wheat and corn
production from the Food and Agriculture Organization (2002).

I standardize all data—including the transportation linkage indicator, market access computa-
tions, assignment of counties of birth, and the county-specific data described above—to 1860 county
boundaries. I focus on 1860 counties because the counties of birth of enlisters are reported in the
years 1861-1865, and enlisters are likely to have reported their place of birth based on the bound-
aries existing at the time of the report. Where necessary, I standardize variables to 1860 county

boundaries using Hornbeck’s (2010) method, as implemented by Perlman (2014).
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3.4 Summary Statistics

Using the sources described above, I created and merged two data sets. The first is a panel data
set with observations at the county-year level on transportation linkage and market access. The
second provides individual-level data on native-born white males with known height, county of birth,
year of birth, and age of measurement, born between 1820 and 1847. Merging these two data sets
matches each individual in the Union Army data to the transportation linkage and market access
of his county-year of birth.

Table 1 summarizes the county-level measures of transportation linkage, divided by region and
decadal year, and weighted by population. There was a clear pattern of growth over time in
the fraction of the population living in a county linked to the transportation network. In the
entire sample region, less than 40 percent of the population lived in a county that was linked to
the transportation network in 1820. By 1850, this fraction had risen to over 80 percent. The
Northeast and the Midwest viewed separately exhibited similar patterns, although the population
of the Northeast was consistently more linked than was that of the Midwest.

Figure 1 provides a graphical summary of the spread of transportation infrastructure over this
period. Panels (a)—(c) show the spread of each mode of transportation. Panel (d) uses this informa-
tion to determine the year that a county was first linked to the (non-wagon) transport network. It
shows that the transportation network gradually spread inland. The sample period began with only
the coasts and the counties bordering the major internal waterways being linked to the network,
and concluded with much of the interior being linked, particularly in the North.

Market access is also summarized in Table 1. As with the linkage measure, this measure shows
patterns of growth over the study period, and of greater market access in the Northeast than in
the Midwest. The development of the market access measure over time and space is described
graphically in Figure 2. This Figure depicts the change in market access in each decade, shading
counties with greater increases darker.?? It shows that, as intended, market access captures changes
that transportation linkage does not. For instance, the counties in the sample region with greatest

increase in market access between 1820 and 1830 are those bordering the upper Mississippi and the

24The scale in each panel is different, dividing counties by deciles of the increase in market access. The levels of
market access in each year and on a constant scale are presented in Figure A.3 in Online Appendix A.
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Great Lakes, as well as those in western New York. These changes reflect the opening of the Erie
Canal and of the upper Mississippi. Between 1830 and 1840, large increases are observed in central
Pennsylvania and in Indiana and Ohio, reflecting canal construction. Finally, between 1840 and
1850, large increases are again observed in Indiana and Ohio, also reflecting canal construction.

Table 2 provides summary statistics at the individual level for heights and for other variables
for the complete sample and for various subsamples. Column (1) represents the benchmark sample
of analysis—mnative-born white males whose counties of birth had no urban population in 1820.
Columns (2) and (3) divide the sample by region, and columns (4) and (5) divide the sample by
whether the individual’s county of birth was linked or unlinked to the transportation network in
the individual’s year of birth. A majority of the sample was born in the Northeast—a mechan-
ical consequence of weighting the data to reflect state population in 1860. Figure 3 delves into
the geographic distribution of data in further detail. It presents the number of individual height
observations by county, separating Pennsylvania from the rest of the country. On the whole, the
sample tends to draw from the more populous areas of the country. Importantly, it includes almost
all counties in the Northeast and the Midwest.?®> Nonetheless, some counties are represented by
only a small number of observations. To ensure that limited representation of some counties does
not create spurious results, Online Appendix E repeats the main analysis limiting the sample either
to the better represented states of New York and Pennsylvania or to counties with at least 100
observations, with similar results.

Table 2 also shows that the benchmark sample was 68.1 inches tall on average, and columns (2)
and (3) reveal that the Northeast suffered a height disadvantage of about half an inch relative to the
Midwest. A height disadvantage of about 0.4 inches is present for those born in transportation-linked
counties relative to those whose birth counties were unlinked in the birth year.?6

There are also differences between regions and between linked and unlinked counties in measures

25The number of observations by birth cohort is given in Figure A.4 in Online Appendix A. The number of
observations is increasing in the birth cohorts from 1820 to the early 1840s, consistent with the idea that younger
individuals would be more likely to join the military. The number of observations then falls sharply among the birth
cohorts of the mid 1840s, consistent with the requirement to be at least 18 years of age to enlist.

26Figure A.2 in Online Appendix A presents a histogram describing the distribution of individual height observa-
tions. It shows the tendency to heap on whole inches and to exhibit shortfall below the minimum height requirement
of 64 inches, but is otherwise regular.
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of population concentration. Consistent with the expected effects of transportation linkage (and
with a variety of endogeneity concerns), there is a considerable advantage in urbanization and

2T There is also an advantage

population density at birth for individuals born in linked counties.
in population density at birth for Northeasterners, though the level of urbanization at birth was
similar for the Northeast and the Midwest (recall that any county with an urban population in 1820
is omitted). While there is a premium in agricultural suitability for the Midwest, there does not
appear to be a meaningful difference in agricultural suitability of the birth county for individuals
born in linked and unlinked counties.

Finally, about 27 percent of the sample enlisted in a state other than the state of birth (state of
enlistment is determined by the state of the regiment in which an individual enlisted), while nearly
63 percent enlisted in a county other than the county of birth.2® The probability of enlisting in a

county or state other than that of birth was greater for Midwesterners but smaller for individuals

born in counties linked to the transportation network.

3.5 Empirical Specification

The basic specification that I use to study the relationship between transportation and height is

hijt = 7t + 0a + 0 + Bjs + 25T + €ijt. (2)

In equation (2), hij; is the height of individual ¢ born in county j in year t; 44 are birth cohort-
specific intercepts; d, are indicators for each measurement age below 21 to address cases in which
individuals are observed before reaching terminal height; §. are enlistment-year fixed effects designed

to address the possibility of changing composition of military enlisters over the course of the Civil

2TRecall that counties with an urban population in1820 are omitted, but other counties included in the sample may
have developed an urban population after 1820. For intercensal years, the urban and total populations are imputed
by assuming constant growth rates between censuses. These imputations are not used in analysis below, but are
useful for developing a sense of the divisions of the sample by urbanization and population density.

28In computing this figure, I limited the sample to those who enlisted in the state with which their regiment was
associated (e.g., members of a Massachusetts regiment enlisting in Massachusetts). In some cases, individuals enlisted
while the regiment was in the field. As I do not wish to consider military deployment as a form of migration, I exclude
these individuals when considering county-level migration.
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War;?? xj; is a measure of transportation linkage in the birth year (either the binary measure or
the logarithm of market access), and z; is a vector of various county-level control variables to be
introduced in section 4 below.?? I cluster standard errors throughout the analysis at the county
level.3' My initial analysis estimates this equation by ordinary least squares. This specification is
comparable to that used by prior studies of the transportation-health relationship in the antebellum
US (especially Haines, Craig, and Weiss 2003).

This framework assumes that the effect of transportation on height is described fully by the
relationship of terminal height with transportation linkage in the birth year. While previous studies
suggest that conditions in the birth year are likely to be more important than in any other year of
life (e.g., Steckel 1995; Woitek 2003), it is possible to determine the consequences of relaxing this
assumption. I do this in Online Appendix B, where I find that transportation linkage around the
year of birth is more strongly associated with terminal stature than is transportation linkage in
other phases of life.

Although equation (2) is useful in establishing a correlation, any relationship that it uncovers
between transportation and height may be spurious. For instance, a particular county may have
been densely populated or highly urbanized for some reason besides transportation linkage, such as
a favorable geographic location. When transportation infrastructure was constructed, the fact that
this county was already developed would make it more likely to become linked to the network.3?
Moreover, the sanitation consequences of population concentration might make this area unhealthy.
This hypothetical relationship would produce a negative § in specification (2) even if the true (

were zero. Not all confounds must be in this direction. For instance, if better agricultural land

2974 is possible to include all of d,, de, and v+ because the measurement-age fixed effects are not for all possible
measurement ages, but only for ages below 21.

39T do not include individual-level controls (e.g., occupation) for two reasons. First, the Union Army data, which
are my source of all individual-level information, suffer from a large degree of missing data. Limiting the sample to
observations with data on all fields of interest would have serious implications for statistical power. This limitation is
exacerbated by the fact that successful census linkage is required to observe many variables of interest, and requiring
such linkage would further reduce sample size. Second, any individual-specific variables are more properly considered
outcomes of the presence of transportation and are therefore “bad controls.”

310nline Appendix F repeats the main results with standard errors clustered at both the county and the birth
year level, with similar results.

32Given the exogenous location of rivers, this is less a concern for steamboats than for canals; but the presence of
a river might have its own independent impact on health (such as through the transmission of disease, whether the
river is navigable or not), and the decision to clear navigation hazards might have depended on local development.
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attracted transport construction and raised incomes and health, a spurious positive 5 would arise.

The improved data available from Atack’s (2015, 2016, 2017) shape files and the advantages of
market access as a measure of transport linkage enable me to address these endogeneity concerns.
First, the panel structure of the transportation data enable me to augment equation (2) with the
addition of county fixed effects «; (requiring the omission of the county-specific controls z;) so that
it becomes

hijt =a; +7n+ Oq + ¢ + ,B.Tjt + E4jt- (3)

This specification captures time-invariant county characteristics (such as a favorable location), iden-
tifying the effect of transportation on height on the basis only of local changes.

A concern that remains in equation (3) is that a force other than transportation that varies over
time within a county might both affect health and attract transportation. For instance, a favorable
location might only become important as the economy grew. This concern would not be captured
by the county fixed effects a;;. One approach that I will use to address this concern is to include
county-decade fixed effects rather than simply county fixed effects.?®> Another approach is made

possible by the use of market access to measure transportation linkage. Specifically, I can estimate

hije = o + v + 0g + 0c + ﬁlog(MAﬁ) + 71 + €ijts (4)

where MA j; is market access computed as in equation (1) and T} is a binary indicator of transporta-
tion linkage. The coefficient of interest in this equation is 5. Based on the identification strategy
used by Donaldson and Hornbeck (2016) and Hornbeck and Rotemberg (2019), this specification
identifies the effect of market access on height on the basis only of variations in market access in-
duced by construction elsewhere in the network. That is, any endogeneity is likely to be capture
by directly controlling for local transport linkage. The remaining variation in market access, which
drives the estimate of (3, is then relatively free of this endogeneity.

Online Appendix G presents an additional identification strategy, based on the straight-line

instruments commonly used in the transport literature (e.g., Atack et al. 2010; Banerjee, Duflo,

33My inclusion of region- and state-specific time trends in the analyses below also serves to partially address this
concern, as does my analysis in Table A.2, which includes year-specific functions of latitude and longitude.
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and Qian 2012; Ghani, Goswami, and Kerr 2016; Hornung 2015). In particular, I compute an
alternative measure of market access based on the 1820 transport network augmented with canals
built to connect major watersheds (i.e., the Atlantic, Great Lakes, and Mississippi) to one another
and to major cities. I then use this alternative measure of market access to instrument for actual
market access. This analysis, which also finds evidence of a negative effect of market access on

height, provides supporting evidence based on an entirely different source of identifying variation.

4 The Effect of Transportation on Height

4.1 OLS Results

I begin the analysis by estimating equation (2) by ordinary least squares using the binary indicator
of transportation linkage as the regressor of interest. This estimation most closely matches that
performed by Haines, Craig, and Weiss (2003). Results of this estimation are presented in Panel
A of Table 3. The regression of column (1), which includes only birth-year indicators, age-of-
measurement indicators, enlistment-year indicators, and no other controls, yields a negative and
statistically significant relationship between transportation presence in the birth year and average
stature. This relationship is robust to the inclusion of state fixed effects in column (2), though
this addition reduces the magnitude of the estimated coefficient by about half. This latter estimate
indicates that individuals whose counties of birth had a transport link in their birth year were
0.17 inches shorter than those whose counties of birth were unlinked in their year of birth. This
magnitude is large compared to the contemporaneous urban height penalty of 0.29 inches (Zimran
2019). It is also roughly comparable in magnitude to the estimates of Haines, Craig, and Weiss
(2003), whose benchmark results indicate that transportation linkage in the county of birth (though
not necessarily in the year of birth) was associated with a height penalty of about 0.25 inches.

In column (3), I repeat the specification of column (2) with the addition of a variety of county-
level controls. Some of these control variables are those that Haines, Craig, and Weiss (2003) include
in their analysis—1840 calorie and protein production, Herfindahl indices for calorie and protein

production, and 1850 values of farms and capital in manufacturing. I also add several other variables
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that may have impacted health. These include area and 1820 population (to capture population
concentration in 1820); 1840 cattle and swine stocks; 1840 employment by sector and values of
agricultural and manufacturing output. All of these variables are included in log form, and I also
include the log of population in 1840 and 1850 in order to make the other measures effectively
per-capita. I also include third-degree polynomials in the logarithm of distance from New York
and Cincinnati. These controls are intended to capture a variety of county characteristics, such as
agricultural productivity, density, and geography, that might generate health differences even in the
absence of a transport link. The post-1820 values are included with full recognition that their 1820
values would be preferable (later values may be “bad controls”). However, due to the limited data
availability of the antebellum period, the inclusion of data on, for example, agricultural production
is not possible prior to 1840, and I err on the side of controlling for the features that these measures
capture rather than not doing so. For the main results, I will capture these characteristics with
county fixed effects.

The inclusion of these controls in column (3) reduces the magnitude of the estimated coefficient
on transportation linkage and renders the estimated coefficient statistically insignificant. While the
magnitude of the resultant coefficient is non-negligible, it is considerably smaller than the estimates
of columns (1) and (2). The addition in column (4) of interactions of birth year and region fixed
effects, or of the interactions of state and birth year fixed effects in column (5), has little additional
impact on the estimates.

One potential reason for the lack of a statistically significant relationship between transport
and height in columns (3)—(5) of Panel A of Table 3 is that the transport indicator captures only

34

a limited amount of variation in linkage.®>* Besides the conceptual benefits of the market access

measure, discussed above, it also has the technical benefit of providing more treatment variation in

34Tis is shown in Figure A.5 in Online Appendix A, which isolates the counties in which there was a change in
transportation linkage between the years 1820 and 1847 and divides them into three groups. The first (shaded in the
lightest color), which represents many of the counties in the South or westernmost Midwest are not represented by
any individual height observations, or all the representation comes from before or after the change in transportation
linkage. The second group (shaded somewhat darker) has individual height observations from both before and after
the change in linkage, but has only a small number of observations of stature in at least one of these groups. Only the
third group (the darkest shade, besides the black background), consisting of 31 counties, mostly in Pennsylvania (which
is oversampled), has at least 25 observations of individual heights both before and after the change in transportation
linkage.
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a setting where data are limited. Panel B of Table 3 repeats the analysis of Panel A, but replaces
the binary measure of linkage with the logarithm of market access as the explanatory variable of
interest. Columns (1) and (2) estimate equation (2) without the additional county-level controls,
without and with the inclusion of state fixed effects, respectively. As was the case with the binary
measure of transportation linkage, a large, negative, and statistically significant coefficient is present
on the measure of transportation linkage, and is nearly halved (but is otherwise robust) when state
fixed effects are included. In particular, the estimates of column (2), which include the state fixed
effects, indicate that a one-standard deviation increase in market access (0.28 log points, as shown
in Table 2) is associated with a reduction in average height of 0.171 inches.

Columns (3)—(5) repeat this estimation, including the various county-level control variables,
and the region-by-birth year or state-by-birth year indicators. The addition of these controls to
regressions of height on market access does not eliminate the statistical significance of the negative
relationship between market access and height. Moreover, the impact of the inclusion of the controls
on the magnitude of the coefficient is smaller than it was for the transport indicator. In particular,
the estimates of column (5), which includes the state-by-birth year indicators, imply that a one-
standard deviation increase in market access is associated with a decline in average stature of 0.115

inches, or about 1.7 times the implied impact of a transportation linkage in its analog in Panel A.

4.2 Fixed Effects Results

As discussed above, the results of Table 3 are potentially spurious. To begin addressing endogeneity
concerns, Table 4 presents estimates of equation (3), which includes county fixed effects. I begin in
column (1) by using the transport linkage indicator as the regressor of interest. Given the binary
regressor, this coefficient can be interpreted as a generalized difference-in-differences coefficient. The
estimated coefficient is -0.042, which is smaller than the estimates including controls in Table 3, and
is statistically insignificant. Given the conceptual and technical limitations of the transport linkage
indicator, as discussed above, the absence of a meaningful transport-health relationship using this
regressor is not surprising.

Column (2) estimates the same specification with the logarithm of market access as the regressor
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of interest. This column reveals that the negative and statistically significant relationship between
market access and height is robust to the inclusion of the county fixed effects, and thus to the
concerns that they address over endogeneity. Moreover, at -0.597, the magnitude of the coefficient
is comparable to the estimates of Table 3.

This result and its approximate magnitude are robust to the inclusion, in column (3), of county-
decade fixed effects in order to more flexibly address county-specific characteristics that may be time
variant. Columns (4) and (5) supplement the county fixed effects with region- and state-by-birth
year indicators, respectively. While the inclusion of these indicators reduces the magnitude of the
estimated coefficients, and in the case of column (5) it is reduced to the point of being marginally
statistically insignificant (p = 0.102), the rough magnitude and sign of the coefficient is retained,
supporting the conclusion that transportation improvements generated declines in stature-implied
health.

Table 5 investigates the extent to which the height-market access relationship uncovered in Table
4 is driven by connections to nearby or more distant counties. In particular, I adjust equation (1)

to compute market access as
m]‘t = 1074 Zkafkt]l {djk > CZ} s (5)
k

where djj, is the distance between counties j and k, 1{-} is the indicator function, and d is a
cutoff value. I then re-estimate equation (3) using this alternative measure of market access as the
regressor of interest. Panel A of Table 5 uses a 40-mile cutoff, following Fogel’s (1964) use of this
distance as an important cutoff; Panel B uses a 100-mile cutoff. The results of Table 5 indicate that
the impact of market access on height largely comes from the reduction of transport costs to more
distant markets—the results are virtually identical to those of Table 4 even after replacing MA ;;
with mﬁ computed as in equation (5).

To further address potential endogeneity of transport linkage, I estimate equation (4). By con-
trolling directly for transport linkage, these specifications identify the effect of market access on

height using only variation in linkage coming from construction elsewhere in the network, which is
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less likely to be endogenous to local development than is the directly controlled-for local construc-
tion. Reassuringly, the negative effect of market access on height documented in Table 4 is made
even stronger by the results of Table 6, which provides plausibly causal estimates consistent with
this effect.?> Overall, based on the results of Tables 4-6, I conclude that the data provide strong
and robust evidence of a negative relationship between stature and market access in the county-year
of birth.

Having shown that transportation linkages had a deleterious impact on health in the antebel-
lum period, these results provide an empirical basis for a potential explanation of the Antebellum
Puzzle—that it was caused in part by the expansion of the transportation network in the antebellum
period. This is the first evidence of an explanation for the Antebellum Puzzle with estimates that
can plausibly be given a causal interpretation, and the first that relates declines in height to changes
in local circumstances (by virtue of the county fixed effects included in the estimation).

How much of the deterioration in average stature can be attributed to the growth of the trans-
portation network? The empirical pattern to be explained is a 0.82 inch decline in average stature
that is present in the benchmark sample.36 Table 1 shows that log market access increased by 0.603
from 1820 to 1850. My preferred estimate of the effect of market access on height is given by column
(4) of Table 6, which uses the Donaldson and Hornbeck (2016) and Hornbeck and Rotemberg (2019)
method to address endogeneity and which includes the most conservative time trends.3” The coef-
ficient of -0.501 thus implies that changing market access can explain a decline in average stature
of 0.30 inches, or 37 percent of the observed decline.

It is also possible that a negative relationship between market access in the county-year of birth
and health as measured by adult stature may be the result of individuals leaving newly linked

locations to move to less healthy urban environments, implying that the new transport linkages did

35Table A.3 in Online Appendix A replaces the transport-linkage indicator with indicators for linkage to rail, canal,
and other water transport. Results are similar.

36This is calculated by regressing heights on birth year and measurement age indicators and then using a local
polynomial regression to smooth the estimated coefficients on the birth year indicators. Reassuringly, this decline
is comparable to other estimates of the decline in the period, many of which are based on the same or similar data
(A’Hearn 1998; Floud et al. 2011; Fogel 1986; Steckel 1995). This includes Zimran’s (2019) calculation of a 0.94 inch
decline that adjusts for potential representativeness issues in the sample, but which is not limited to counties with
no urban population in 1820.

3"Table A.2 in Online Appendix A repeats the main results with year-specific functions of latitude and longitude,
providing even more conservative estimates. Though somewhat less precise, the results are largely similar.
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not reduce the health of the place of birth, but instead pushed individuals to move to other, less
healthy locations. Alternatively, the results may be the product of less healthy individuals moving
to newly linked areas and having children there who have lower adult stature. Neither of these
cases would inhibit the interpretation of the results above as the causal effect of transportation
linkages on the terminal heights of individuals born in an affected county-year; but if these were the
mechanisms by which the effect operated, the interpretation of the results as explaining an overall
decline in average stature in the whole economy would be more tenuous. In Online Appendix H, I
show that, to the extent that it is possible to evaluate these mechanisms, they are not consistent

with the data.

5 The Local Development Mechanism

As discussed in section 2, there are at least three mechanisms by which market access may have
negatively impacted stature-implied health—disease transmission, local development, and relative
prices. Distinguishing between these various theoretical mechanisms is important both in better
understanding the effects of transportation, as well as in understanding the causes of the antebel-
lum decline in health and ultimately the welfare effects of early modern economic growth in the US.
Unfortunately, the limited data availability for the antebellum US makes it impossible to evaluate
all of these possible mechanisms. But there are sufficient data to determine whether there is empir-
ical support for the mechanism of transportation increasing population density, thereby decreasing
health, which I call the local development mechanism.

A necessary condition for this mechanism to be valid is that there should be a positive impact

of increased market access on population density. I test this by estimating the equation

log(yji) = aj + v + Blog(MAj,) + 7Ty + €5

for years 1820-1850, where y;; is the population density of county j in year ¢, and the coefficient
of interest is 5. This is an adapted version of equation (4), and like this equation it identifies the

effect of market access by observing the response to improvements in market access coming from
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construction elsewhere in the network. I present the results in column (1) of Table 7. Following
Atack et al. (2010), I limit the sample to county-years in which counties had already achieved their
1860 boundaries so that results are not driven by changes in population density caused by changes
in county boundaries. I weight observations according to the ratio of county population in each
year to total population in that year. I find a large, positive, and statistically significant impact of
market access on population density. The estimated coefficients imply that the increase in market
access from 1820 to 1850 (0.603 in the data set with counties as the unit of observation, as shown
in Table 1) is associated with a 0.362 log point increase in population density.

This result is an important piece of evidence in favor of the local development mechanism—it is
well known that greater population density was associated with worse health (Floud et al. 2011), and
it stands to reason that by inducing greater population density, transportation may have harmed
health. More evidence, however, is available from heterogeneity in the effects of increased market
access. | focus specifically on heterogeneity with respect to a county’s suitability for wheat and
corn production.?® Given the importance of these products in the long-distance trade that market
access measures (as indicated in part by Table 5), I expect a greater increase in population density
in response to increases in market access in more agriculturally suitable counties, as the benefits of
greater market access are likely to be larger there.

Columns (2) and (3) of Table 7 test this prediction by interacting market access with the
logarithm of a measure of a county’s average suitability for wheat or corn production (Food and
Agriculture Organization 2002). The results are consistent with this prediction, revealing that the
effects of market access on increasing population density were stronger in counties with greater
agricultural suitability. I demean the measures of suitability so that, for example, the estimates of
column (2) can be interpreted as implying that a county with average wheat suitability experienced
an increase in population density of 0.616 percent in response to a one percent increase in market
access, and that a county with wheat suitability one percent above the mean had a 0.654 percentage

point stronger reaction. Similar results are evident for corn suitability. Thus, counties with greater

38 Any source of heterogeneity in the impact of market access on population density and health could be used here.
I focus on these measures because they are some of the few measures that can be observed that are exogenous to the
arrival of transportation, given the limited data availability prior to 1840.
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agricultural suitability tended to experience greater increases in population density in response to
improvements in transport linkages, likely reflecting immigration of individuals seeking to establish
farms. This view is further supported by Table A.4 in Online Appendix A, which shows an increase
in the acreage devoted to farming in response to rising market access, with greater increases in
counties with greater suitability for wheat and corn production.

This heterogeneity in the effect of market access on population provides an opportunity to test
the local development mechanism. If population density increased more in response to rising market
access in more agriculturally suitable counties, then average stature should have decreased more in
response to rising market access in these counties.?? To test this, I repeat the interaction approach
in estimating equation (4) in columns (4) and (5) of Table 7, with height as the dependent variable.
I find that, as predicted, the negative relationship of market access with stature was stronger in
the more agriculturally suitable counties, though the interaction coefficients are only marginally
statistically significant (p = 0.095 for wheat suitability and p = 0.159 for corn suitability).

Altogether, the results of columns (2)—(5) of Table 7 indicate that, in the counties where agri-
cultural productivity caused population density to grow more in response to rises in market access,
the effects of market access on reducing height were stronger. This is consistent with the contention
that the effect of transportation on market access passed through the channel of increasing local
development that, in a setting of poor sanitation and public health, worsened the local disease
environment.

This evidence thus adds to the debate over the causes of the antebellum deterioration in health.
As discussed above, the local development mechanism is a component of the disease explanation
for the Antebellum Puzzle. By finding evidence consistent with this mechanism, I thus add to the

evidentiary basis of the disease explanation.*°

39Given the difference in the unit of observation available for the analysis of population density on the one hand
(one observation per county-decade) and transportation and height on the other (annual county-level observations),
it is not possible to directly relate changing population density to changing stature.

40 As with the analysis of the effect of transportation on height, I verify the robustness of these results to a variety
of other sample restrictions and specifications in Online Appendices C, E, and F.
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6 Conclusion

Why did health in the US deteriorate in the antebellum period, just as modern economic growth
began? This is an important question of American economic history—one that bears centrally
on understanding the evolution of living standards on the American path to industrial leadership.
Since this Antebellum Puzzle was first discovered by Fogel et al. (1979), economic historians have
sought to explain why health deteriorated at the onset of modern economic growth, which should
have improved it. But evidence as to possible answers to this question is limited. In this paper, I
test whether the transportation improvements of the antebellum period contributed to the decline
in average stature.

Specifically, I study the relationship between transportation and height in the antebellum US
using data on stature from the records of enlistments in the Union Army combined with GIS data
on the development of the antebellum transportation network. I find evidence of a negative effect
of market access on average stature that is large enough to explain 37 percent of the decline in
average stature in my data. Evidence supporting such a relationship had previously been found
(Cuff 2005; Haines, Craig, and Weiss 2003; Yoo 2012), but improvements in data availability (Atack
2013) and methods for the study of transportation (Donaldson and Hornbeck 2016) enable me to
provide plausibly causal estimates where only suggestive correlations had previously been available.
I also go beyond this existing research by providing evidence consistent with the contention that
a mechanism for this effect was the role of transportation in increasing population density, which
would have led to a deterioration in the epidemiological environment in a period of poor sanitation
technology.

This paper thus helps to better understand the impacts of transportation infrastructure con-
struction in the historical US, and in developing countries more generally. In such settings the
beneficial effects of transportation improvements for economic development are well known (Bogart
2018; Donaldson 2015). Less is known, however, about the impact of transportation on health,
where the theoretical impact is ambiguous and only a small number of empirical investigations exist
to study this impact in specific settings (Burgess and Donaldson 2012; Tang 2017). This paper thus

sheds light on an aspect of the literature that is only beginning to come into focus.
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On the whole, the results of this paper provide an interesting and important warning. The
Antebellum Puzzle cautions that the early phases of modern economic growth may not be unam-
biguously welfare-improving. The results of this paper show that infrastructure improvements with
well known economic benefits may also have an unintended negative impact on at least some aspect

of welfare and therefore may also not be unambiguously welfare-improving.
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Tables

Table 1: Summary statistics for county-level data

Variable 1820 1830 1840 1850
Panel A: All Counties
Transportation Present 0.396 0.562 0.711  0.805

(0.489) (0.496) (0.454) (0.397)

log(Market Access), 1820 Pop.  5.142  5.531 5.664 5.745
(0.457) (0.272) (0.239) (0.231)

Counties 945 945 945 945
Panel B: Midwest
Transportation Present 0.316 0.476 0.599 0.704

(0.465) (0.500) (0.491) (0.457)

log(Market Access), 1820 Pop. 4.988 5.396  5.542  5.626
(0.341) (0.220) (0.207) (0.202)

Counties 774 774 774 774
Panel C: Northeast
Transportation Present 0.420 0.600 0.796  0.907

(0.495) (0.491) (0.404) (0.291)
log(Market Access), 1820 Pop.  5.187  5.589  5.757  5.866
(0.478) (0.272) (0.221) (0.194)
Counties 171 171 171 171

Notes: The sample in Panel A includes all counties with no urban population in
1820. Panels B and C divide this sample by region. Means presented with standard
deviations in parentheses. Observations weighted by population in each decade.
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Table 2: Summary statistics for individual-level data

(1) (2) (3) (4) (5)

Variable All MW NE Linked  Unlinked
Individual-level data

Height 68.064 68.326 67.843 67.916 68.343

Inches (2.640) (2.632) (2.626) (2.631) (2.636)

Birthyear 1838.262 1839.100 1837.555 1839.039 1836.787

(6.231) (5.729) (6.542) (5.616) (7.023)

Age of Enlistment 24.277 23.484 24.946 23.511 25.731

(6.228) (5.666) (6.591) (5.572) (7.088)

Enlisted in Different State 0.280 0.315 0.251 0.266 0.308

(0.449) (0.464) (0.434) (0.442) (0.462)

Enlisted in Different County 0.631 0.721 0.563 0.604 0.686

(0.482)  (0.448)  (0.496)  (0.489)  (0.464)

County-year-level data

Urbanization at Birth 0.017 0.015 0.018 0.025 0.002
(0.060) (0.062) (0.058) (0.072) (0.013)
log(Population Density) at Birth 3.274 2.802 3.629 3.505 2.809
(1.103) (1.206) (0.862) (0.992) (1.167)
Transportation Linkage at Birth 0.655 0.567 0.729
(0.475) (0.495) (0.445)
log(Market Access) at Birth, 1820 Pop. 5.571 5.495 5.634 5.701 5.323

(0.277)  (0.244)  (0.286)  (0.177)  (0.262)

County-level data

Midwest 0.457 0.396 0.573
(0.498) (0.489) (0.495)

Northeast 0.543 0.604 0.427
(0.498) (0.489) (0.495)

log(Wheat Suitability) 8.693 8.914 8.508 8.702 8.678
(0.316) (0.166) (0.292) (0.268) (0.389)

log(Corn Suitability) 8.548 8.787 8.348 8.563 8.522
(0.404) (0.214) (0.417) (0.354) (0.483)

Observations 25,566 10,209 15,357 16,874 8,692

Notes: Sample includes all height observations of native-born white males born in the Northeast or Midwest in counties
with no urban population in 1820. Means presented with standard deviations in parentheses. Observations weighted to
correct for oversampling. Linked indicates individuals born in counties with a transport link in the birth year; unlinked
denotes the opposite. MW denotes Midwest; NE denotes Northeast. The number of observations refers to the number
of individuals in the sample with known height, year of enlistment, age of enlistment, and county of birth.
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Table 3: OLS regressions

(1) (2) (3) (4) (5)
Variables
Panel A: Binary transport indicator
Transport —0.335"*  —0.169*** —0.068 —0.071 —0.067
(0.072) (0.057) (0.067) (0.067) (0.070)
Observations 25,556 25,556 23,557 23,557 23,557
R-squared 0.057 0.075 0.079 0.081 0.108

Panel B: Market access
log(Market Access), 1820 Pop. —1.087*** —0.612*** —0.432*** —0.410"* —0.410**
(0.127) (0.127) (0.161) (0.162) (0.175)

Observations 25,556 25,556 23,557 23,557 23,557
R-squared 0.064 0.077 0.080 0.082 0.108
State FE No Yes Yes Yes Yes
Controls No No Yes Yes Yes
Birth Year x Region FE No No No Yes No
Birth Year x State FE No No No No Yes

Significance levels: *** p<0.01, ** p<0.05, * p<0.1

Notes: Dependent variable is height in inches. Sample includes individuals born in the Northeast or Midwest
in counties with no urban population in 1820. All specifications include birth year, measurement age, and
enlistment year fixed effects. Standard errors clustered at the county level. Observations weighted to correct for
oversampling.
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Table 4: County fixed effects regressions

(1) (2) (3) (4) ()

Variables
Transport —0.042

(0.116)
log(Market Access), 1820 Pop. —0.597*  —0.744** —0.517** —0.386

(0.210) (0.305) (0.204) (0.236)

Observations 25,556 25,556 25,556 25,556 25,556
R-squared 0.126 0.126 0.174 0.129 0.157
County x Decade FE No No Yes No No
Birth Year x Region FE No No No Yes No
Birth Year x State FE No No No No Yes

Significance levels: *** p<0.01, ** p<0.05, * p<0.1

Notes: Dependent variable is height in inches. Sample includes individuals born in the Northeast or Midwest
in counties with no urban population in 1820. All specifications include birth year, measurement age, enlist-
ment year, and county fixed effects. Standard errors clustered at the county level. Observations weighted to
correct for oversampling.
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Table 5: Market access omitting nearby counties

Variables

(1)

(2) (3) (4)

Panel A: 40 mile radius

log(Market Access), 1820 Pop. —0.583*** —0.719** —0.509** —0.387*
(0.205) (0.300) (0.200) (0.233)
Observations 25,556 25,556 25,556 25,556
R-squared 0.126 0.174 0.129 0.157
Panel B: 100 mile radius
log(Market Access), 1820 Pop. —0.560"** —0.694** —0.499*** —0.390*
(0.196) (0.287) (0.190) (0.223)
Observations 25,556 25,556 25,556 25,556
R-squared 0.126 0.174 0.129 0.157
County x Decade FE No Yes No No
Birth Year x Region FE No No Yes No
Birth Year x State FE No No No Yes

Significance levels: *** p<0.01, ** p<0.05, * p<0.1
Notes: Dependent variable is height in inches. Sample includes individuals born in the Northeast
or Midwest in counties with no urban population in 1820. All specifications include birth year,
measurement age, enlistment year, and county fixed effects. Panel A computes a county’s market
access omitting counties within 40 miles. Panel B computes a county’s market access omitting
counties within 100 miles. Standard errors clustered at the county level. Observations weighted to

correct for oversampling.
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Table 6: County fixed effects regressions controlling for transport linkage

(1) (2) 3) (4)

Variables

log(Market Access), 1820 Pop. —0.712*** —0.754** —0.606"** —0.501**
(0.226)  (0.320)  (0.221)  (0.249)

Observations 25,556 25,556 25,556 25,556
R-squared 0.127 0.174 0.129 0.157
County x Decade FE No Yes No No
Birth Year x Region FE No No Yes No
Birth Year x State FE No No No Yes

Significance levels: *** p<0.01, ** p<0.05, * p<0.1

Notes: Dependent variable is height in inches. Sample includes individuals born in the North-
east or Midwest in counties with no urban population in 1820. All specifications include birth
year, measurement age, enlistment year, and county fixed effects, as well as an indicator for
having a transport link in the birth year in the county of birth. Standard errors clustered at
the county level. Observations weighted to correct for oversampling.

Table 7: The local development mechanism

(1) (2) (3) (4) (5)
Variable Dens. Dens. Dens. Height Height

log(Market Access), 1820 Pop.  0.600***  0.616™*  0.580™** —0.579™* —0.580***
(0.150)  (0.143)  (0.145)  (0.212)  (0.211)

log(MA) x log(Wheat Suit.) 0.654** —0.842*
(0.203) (0.509)
log(MA) x log(Corn Suit.) 0.490*** —0.646
(0.144) (0.460)
Observations 1,166 1,166 1,166 25,556 25,556
R-squared 0.925 0.929 0.929 0.127 0.127

Significance levels: *** p<0.01, ** p<0.05, * p<0.1

Notes: Dependent variable listed in the column header. Sample in columns (1)—(3) includes all county-
years with borders fixed to 1860, with no urban population in 1820, and in the Midwest or Northeast.
Sample in columns (4) and (5) includes individuals born in the Northeast or Midwest in counties with
no urban population in 1820. All specifications include year and county fixed effects and control for
transportation linkage. Columns (4) and (5) also include measurement age and enlistment year fixed
effects. Observations in columns (1)—(3) weighted by the ratio of county population in each year to
total population in that year. Observations in columns (4) and (5) weighted to correct for oversampling.
Standard errors clustered at the county level.
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Figure 1: Spread of transportation infrastructure

Note: Always-navigable rivers, lakes, and oceans are assigned an opening date of 1787. Panel (d) shows the earliest
year of arrival of one of these transportation modes for arrivals by 1850.

Source: Atack (2015, 2016, 2017)
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Figure 2: Changes in market access by decade.

Note: Each panel shows the change in market access over the listed decade. For example, the panel labeled “1820—
1830”7 shows the change in market access from 1820 to 1830. The scales are not comparable across years; instead,
they depict deciles of the change in market access for that decade. Darker counties experienced a greater increase in
market access. Sample region indicated by thick boundary.
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Figure 3: Number of observations by county

Note: This Figure includes both rural and non-rural counties and indicates the number of native-born observations
of stature listing a birth place in each county with information on height and age of enlistment. Pennsylvania is
displayed separately because of the oversample caused by the incorporation of the Cuff (2005) data. Sample region
indicated by thick boundary.
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