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ABSTRACT

The "Antebellum Puzzle" describes the situation of declining stature and possibly rising
mortality in the three decades prior to the American Civil War (1861-65). It is a puzzle, since this
period was one of rapid economic growth and development in the United States. Much of the debate
has centered on whether the American diet, both in terms of protein and caloric intake, deteriorated
in the middle of the 19th century. But the mortality environment also appears to have worsened (or
at least did not improve), connected with factors such as urbanization, commercialization, and
increased geographic mobility. This paper uses data on the heights of Union Army recruits as an
indicator of the standard of living of Americans during this period. Particular attention is paid to
New York State and comparisons to the rest of the nation. In New York State, mortality was not
improving in the antebellum period and was deteriorating in New York City. For the United States
and for New York State, urbanization was negatively related to heights, as was the census death rate
in 1850 and a measure of mobility (proportion of the local population foreign born). Although, New
York State’s agriculture was rapidly commercializing in this era and specializing in dairy products,
its nutrition may have been deteriorating overall, with substantial local variation. Mortality was also
not improving and worsened in some areas. Both contributed to a decline in this biological indicator
of the standard of living. In this sense, both New York and the whole United States were
experiencing “Smithian” economic growth (induced by transport improvements and widening
markets) with negative externalities. New York State was an area in advance of much of the nation
in terms of both urban/industrial and agricultural development in the antebellum period.
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| NTRODUCTI ON

Interest in the biological standard of living has blossomed in recent years,
followi ng the | ead of a nunber of scholars, including Robert Fogel, Richard Steckel
John Koml os, Roderick Floud, and others [Fogel 1986, 1993; Steckel, 1992, 1995; Stecke
and Fl oud, 1997; Koml os, 1987, 1994, 1995a, 1995b, 1996; Floud, Wachter, and G egory,
1990]. This is in line with concern that the standard of living mght better be
neasured by outconmes (e.g., health, height, nortality, norbidity) or real inputs (e.g.
calorie or protein consunption) rather than sinply income and wealth and their
distribution. [See, for exanple, Steckel, 1983, 1995.] The World Bank has, for sone
years, been stressing simlar neasures in its "Basic Needs Indicators" [Chenery and
Syrquin, 1975].

This direction of research has overlapped with the study of the denographic
transition, nost particularly the nortality transition. The transition fromhigh to | ow
levels of fertility and nortality has characterized every devel oped nation. One
indicator of this transition and of fundamental well-being is survivorship, which is
usual ly (but not necessarily) acconpanied by better health [Riley, 1989]. |In order to
create indicators of this biological standard of living and well-being, historical data
on heights and wei ghts have been extensively retrieved and utilized. One such data set,
t he hei ghts and wei ghts of West Point Cadets for the period 1843 to 1894, was anal yzed
by John Koml os [1987] who found a decline in height (of about 1.4 cm between the birth
cohorts of the 1820s and the 1860s. Several additional studies have found a sinilar
result for other populations (free blacks in Maryland, Georgia convicts, students at
Amher st Col | ege, Ohio National Guardsnen, Pennsylvania soldiers) [Kom os, 1996]. Wile
there is sonme disagreement on this result and its interpretation, it appears to be a
real phenonenon. Koml os [1987, 1996] |ooked to a deterioration in diet, notably a
reduction in both protein and calorie intake. This is rather surprising, since the
United States was experiencing relatively rapid growth in real output per capita from at
| east the 1830s -- about 1.5%per annumgrowth in real GDP per capita over the period
1840 to 1860 [Gall man, 1992, Table 2.7]. The agricultural sector was al so expanding
quite rapidly during this period, although output per worker may have slowed its growth
in the 1840s before accelerating again in the 1850s [David, 1967]. This anonaly has
become known as the "Antebel | um Puzzle".

EVI DENCE ON THE MORTALI TY TRANSI TION IN THE UNI TED STATES

There is, however, additional evidence that the standard of |iving may not have been
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i mproving, on average, in the three to four decades prior to the Anerican Civil War.
That evidence cones fromnortality rates and expectations of life, two of the World
Bank's “Basi ¢ Needs I|ndicators”

Overall, we suffer froma lack of statistical information on historical nortality in
the United States in the 19th century. This is in contrast to fertility, for which we
can use census child-woman ratios going back to 1800. Vital registration was uneven in
both quality and coverage, having been left up to individual state and | oca
governnents. The official Death Registration Area was not formed until 1900 with ten
states and the District of Colunbia (only conprising about 26% of the nation's
popul ation at that tine). It did not cover the entire United States until 1933

Consequently, we nust use other data for the study of historical nortality. On
the national level, there exist the Federal census data on deaths in the year prior
to the census which was included in the censuses of 1850 to 1900. These have known
shortcom ngs [Condran and Crinmins, 1979; Haines, 1979] and appear to have been
under counted on average by about 40% They can be used, however, and formthe basis
for national-level nortality estimates for the period 1850-1900 [ Hai nes, 1979
1998]. Sone of these results are given in Table 1, which presents the expectations
of life at ages 0, 10, and 20 (e(0), e(10), and e(20)) and the infant nortality rate
(infant deaths per 1000 |ivebirths) for the white population (from 1850) and for the
bl ack popul ation (from 1900). The data for 1900 and 1910 are based on extensions
fromindirect estimates of child nortality using the public use m crosanples of the
U.S. censuses of 1900 and 1910 [Preston and Hai nes, 1991; Hai nes and Preston, 1997].
From 1920 to 1990, these are the official published data and, for 1920 and 1930,
reflect the as yet inconplete Death Registration Area

Overall, it appears fromTable 1 that nortality was not fully under contro
until about 1880. There was apparent decline from 1850 to 1870, but then death
rates rose again in 1880. Significant fluctuations in death rates are
characteristic of pre-transition nortality. What was happeni ng before 18507 We
have much | ess evidence, but what we have is strongly suggestive. Figure 1 (based
on Steckel, 1992, Table 6.8) presents parallel series of e(10) values and hei ghts of
native-born adult white males fromthe colonial period to the 20th century.! The
period nortality data show a definite deterioration shortly after 1800 and a strong

dip in expectation in life fromabout 1830 to about 1860. These e(10) val ues are



3

based on geneal ogi cal data subsequently reported and anal yzed by Pope [1992]. (Sone
of the actual e(10) values and a variety of other historical nortality indicators
for the period from 1800 are given in Appendix Table A.) The geneal ogical results
are not, however, based on national data and are difficult to extend to infant and
child nortality. They do, as nentioned, suggest deteriorating nortality over the
several decades prior to the Civil War, the sane period over which heights declined
The "Ant ebel | um Puzzl e" thus becones nore conpl ex.

For New York State, we have several pieces of evidence. The City of New York
began registering deaths from 1804 onwards, and the results are relatively conplete
[Duffy, 1968, pp. 532-538]. The crude death rate (deaths per 1,000 popul ati on per
annum) for New York City is charted in Figure 2 over the period 1804 to 1900. The
pattern is one of rising nortality fromabout 1820, sharply rising for the 1840s and
1850s, and a gradual subsidence after 1865. Antebellumnortality in Arerica's
netropolis was characterized by sharp fluctuations, especially during cholera
epidem cs. Cholera first made its appearance in the United States in 1832 and
returned periodically as epidemcs until the late 19th century [Rosenberg, 1962].
The years 1832, 1834, 1849, 1851, and 1854 saw very high nortality froma variety of
sources, including cholera. New York City grewrapidly over the century (froma
popul ati on of 79,000 in 1800 to 242,000 in 1830, 1,175,000 in 1860 and 1, 441, 000
(Manhattan only) in 1900). It had a large influx of inmgrants, especially in the
1840s and 1850s and recurrent problens of poor sanitation, water supply, and public
health before the end of the century [Duffy, 1968; 1974]. This is evidence, then
of the "urban nortality penalty"” being paid by the United States over the century.
As late as 1900, the e(0) for whites in urban areas in the Death Registration Area
was about 40.5 years, while it was about 46 years in rural places.? The white infant
nortality rate was about 137 per 1,000 livebirths for cities in the Death
Regi stration Area and about 100 in rural areas (Appendix Table B).

Second, Appendi x Table B provides sone |ife table data for selected cities and
states (as well as an estimated national table for the United States for 1830-60
[ Meech, 1898]) for the period before the Civil War. Those data show very little
trend and a definite "urban penalty", larger for larger cities. €e(0) was in the |ow
40s and remained there until the Civil War. Increased urbanization alone played a

significant role. Cities increased their share of the population fromabout 6%in
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1800 to about 20%in 1860. The greater stature of southerners at the time of the
Civil War can be partly explained by this [Margo and Steckel, 1983].

Third, there exist census nortality data prior to (and parallel with) the
Federal census data. The State of New York began taking its own censuses in the
late 18th century. Census deaths began to be reported in the census of 1825 and
were given thereafter in the censuses of 1835, 1845, 1855, 1865, and 1875 [ New York
State, 1826, 1836, 1846, 1857, 1867, 1877]. Sinple crude death rates are presented
in Table 2 and are charted in Figure 3. Despite the undercount in the data, they
are useful for a general view of trends and for cross-sectional analysis. Table 2
and Figure 3 show no real trend for either New York State as a whole or for New York
State |l ess New York City before 1860.% The |ast columm shows death rates based on
registration data for New York City and provides a sense of the undercount of the
census data (in the previous colum). Despite differences in undercount, there is
no evidence of a significant dowmward trend in death rates before the 1870s. This
is consistent with the view that the sustained nodern nortality transition did not
take place until after 1870. This all contributes to a further understanding of the
"Ant ebel | um Puzzl e" as an interaction of econonic, denographic, and biol ogica
factors.

THE ANTEBELLUM PERI OD I N NEW YORK STATE

One of the chief suspects in the "Puzzle" has been a deterioration in diet,
notably reduced daily caloric and protein intake. If this were conbined with a
deteriorating disease environment, net nutrition available for body growth would be
di m ni shed [Fogel, 1993; Steckel, 1995]. It has already been shown that it is
likely that the nortality environnent in New York State did not inprove and may have
deteriorated before 1860. What was happening in the econony, and especially
agriculture, in the Enpire State in the era?

Evidence is provided in Table 3 on selected livestock and |ivestock products
from 1821 to 1880. The New York State censuses afford an opportunity to explore
conditions in agriculture earlier than 1840, the first Federal census to do so.* The
per capita figures use the state's population | ess New York City as the denom nator.
New York City is excluded since it was a |l arge net consunmer and not a significant
producer of foodstuffs. The rapid population growh of the state (colum (2) upper

panel, Table 3) and changes in agricultural structure neant that, over the course of
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the century, livestock nunbers per capita generally fell. Hogs per person decreased
up to 1860, as did the total cattle stock. This was perhaps offset to sone extent
by an increase in slaughtering weights [Cuff, 1992], but availabilities were likely
not growing. After an initial surge in nunbers based on a growth in wool

production, nunbers of sheep began to decline fromthe 1840s both in relative and
(later) absolute terns.

The nost not abl e aspect of New York agriculture in the mddle of the 19th
century was the rise in specialization in comrercial dairy products [Ellis, et al.
ch. 22; Hendrik, ch. 17]. The nunber of mlk cows gradually increased and hel d
fairly steady on a per capita basis. Amunts of narketed butter, cheese, and fresh
mlk were growing up to the Civil War -- with sone distortion fromthe war itself.
This developnent is illustrated by the fact that 6.3 mllion pounds of cheese
(alnost all from New York State) arrived in Al bany over the Erie Canal in 1834, and
rose to 15.2 mllion pounds in 1837 and 24.4 pounds by 1843 [Hendrick, 1933, p
364]. Much of the butter and cheese production had been a househol d industry until
in 1851, the first comercial cheese factory was opened in upstate New York [Ellis,
et al., 1967, p. 274]. These facilities spread rapidly, and there were 435 of them
in 1865, producing over 33 mllion pounds of cheese [New York State, 1867, p. 415].
M1k was increasingly sent to the New York City market via the new, and faster,
railroads. Shipnment of fresh mlk via the Erie Railroad increased from 385, 000
quarts in 1842 to 24.4 mllion quarts in 1861. Beyond a doubt the "rise of the
dairy industry was by far the nost significant devel opnent in the agricultura
hi story of the state between 1825 and 1860" [Eliis, et al., 1967, pp. 273, 275].

The conpletion of the Erie Canal in 1825, followed in quick succession by other
| ateral and feeder canals (including the Chanplain, Chenango, Oswego, Black River,
Cayuga and Seneca, Chemung, and Genessee Vall ey canals), accelerated the rapid
commerci al i zati on of New York agriculture. Quickly thereafter the railroad
appeared. New York State saw rapid construction in the 1840s and 1850s. By 1854,
the state had 989 nmiles of operating canals and 2,345 mles of railroads in service
with an additional 564 nmiles of railroads under construction [U S. Bureau of the
Census, 1854, p. 189]. Wth the creation of this transportation infrastructure, New
York experienced a striking exanple of "Smithian" growth in productivity and out put

i nduced by specialization, division of labor, and technical change occasioned by the
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extension of the market. New York still ranked third in the nation in wheat
production in 1850, a considerable portion of which was marketed t hrough New York
City to a growing national and international market. Incomes and |and val ues rose
as subsistence agriculture and home manufacturing declined

But did the biological standard of living deteriorate? |If nortality worsened
because of either exogenous factors (e.g., the appearance of chol era) or endogenous
factors, such as the greater chance for spread of infection because of increased
contact through transport, travel, novenent of increasing nunbers of inmmgrants, and
the rapid growth of relatively unhealthy cities, then the biological standard of
living may have suffered. Further, commercialization of agriculture may have been a
m xed bl essing. Subsistence agriculture provides an opportunity (not always taken)
to produce a variety in the diet, including breadstuffs, neats, dairy products, and
fresh and preserved vegetables and fruits. Conmercialization and specialization may
reduce that variety and require rural residents to purchase many foodstuffs on the
market. The diet could have becone | ess varied and possibly | ess abundant.
EVI DENCE FROM UNI ON ARMY RECRUI TS

One source of insight into the puzzle is the nmuster records of a sanple of
39,633 white Union Arny recruits whose heights were nmeasured at nustering.* 29,041
of the sanple were native born. Since human growt h usually continues until early
adul thood, only recruits aged 21 and over were taken, about 65% of the native white
sanple. O that sub-sanple (18,794), county of birth could be ascertained with
reasonabl e certainty for only 15,359 of the soldiers.®

Sone idea of the issue of the “Antebell um Puzzle” itself may be seen in Figures 4
and 5, which give mean heights (in centimeters) by birth year for native-born Union
Arnmy recruits aged 21 and over for the nation as a whole and for those born in New
York State. The decline in heights for those born after about 1830 is apparent. It
held true for New York State as well as for the whole U S., although the decline was
| ess severe in New York, where nean heights for those born in the early 1840s did
not fall below 172 cm Generally, however, heights in New York State were
conparable to the national average

For these native-born recruits, county of birth was used to link the recruit
record to aggregated county-level information fromthe U S. Censuses of 1840 and

1850.7 The census-based county crude death rate for 1850 (deaths per 1,000
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popul ati on per annum) was taken as a neasure of the nortality environnment.® The
proportion of the county urban in 1850 (in incorporated areas of 2,500 and over) was
i ncluded as a proxy for the unfavorable disease environnment created by 19'" century
cities [Preston and Haines, 1991, chs. 1-2]. The proportion of |ong distance
mgrants in the county (proportion foreign born) was used as a nmeasure of contagion
due to mobility as well as the inequality effects of recent inmgration. Fanilies
per dwelling was originally included as a neasure of crowdi ng and contagion, but it
was highly collinear with urbanization (with a zero-order correlation of .73) and
was dropped. The availability of water transport (canals, navigable rivers, |akes,
coastal ports) and railroads was used as a neasure of commercialization (i.e.,
integration into regional, national, and/or international nmarkets) and al so of
contagion via greater nobility of persons.® Two neasures of protein availability
wer e consi dered: cheese production per 1,000 popul ati on per annum and hogs per
capita. These were rather inperfect and were replaced by a direct estimate of
protein availability per capita by county using agricultural production data from
the census of 1840. The census of 1840 was chosen for the nutrition variable
because it was closer to the formative early years of the recruits. The nortality
data were not available for 1840 at a national level. Urbanization was taken for
1850. This was highly correlated with that for 1840 (r=.956) and the choice nade
little difference in the results.

O the variables exami ned for the individual recruits, occupation was coded as
dummy variables for farmers and | aborers. These were well represented occupations
and stood at the extremes of the height distribution, farners generally being the
tallest and | aborers generally being the shortest. Farmers were also nore likely to
have had substantial wealth and to have lived in healthier rural places, whereas
| aborers were unskilled workers with little or no wealth at the bottom of the
soci oeconom c status distribution. The recruit’s age was included to account for
any tine trend in heights -- the “Antebel |l um Puzzle” itself. Region of birth was
neasured by a set of dummy variables. It would give regional effects not accounted
for by the other variables. Finally, there were dummy variables for year of
enlistnment. Recruits were taller in the earlier years of the war.?

The results fromthree ordinary | east squares regressions conbining the

i ndi vi dual -1 evel and county-level data are reported in Table 4 for the nationa
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sanple and in Table 5 for the New York recruits. The first equation is for al
(white) native born recruits who were age 21 or older and who could be linked to
county of birth (14,816 in nunber). The second equation includes the proportion
urban (in incorporated areas of 2,500 popul ation and over) and the proportion
foreign born, both neasured for 1850. This specification omts the death rate
because of collinearity problens.'* The third equation replicates the first
specification with the addition of the nutrition neasure —grans of protein
potentially available fromboth ani mal and vegetabl e sources per person. This was
cal cul ated from 1840 census data on |livestock and crops using the procedures of
Craig and Weiss [1996]. This third equation also excludes recruits born in highly
ur bani zed counties (e.g., New York, Philadel phia, Suffolk (Boston)) on the grounds
that these areas inported nost of their food fromother counties. Hence the |ow
protein availability neasured there would not accurately reflect potential supply
and nutrition. Table 5 duplicates Table 4 for those recruits born in New York State
(3,041 in nunber) and hence omts region of birth. The recruit's height (in
centinmeters) is the dependent variable.

Anong the results are the following. Mrtality exercised a negative influence
on stature in the zero-order effects (i.e., the correlations), and it
had a considerably greater effect on the recruits born in the nore urbanized state
of New York. There a ten point increase in the crude death rate would have | owered
stature by 1.3 centineters. The effect was only about .3 centineters in the
national sanple. The coefficients were statistically significant except in the |ast
equation of Table 5 (for New York State | ess New York City). Ur bani zation al so had
a strong and depressing effect on height. Myving froma wholly rural to a wholly
urban county woul d reduce stature by about two centineters (and nore than that in
New York State). The highly correlated variable of proportion foreign born had a
negative effect, though statistically insignificant throughout.?? 1Its coefficient
woul d have been |l arger and significant if the urban variable had been omtted. One
clear result is that being born in a nore urban county, with its greater popul ation
mobi lity and higher death rates, had a consistent and negative effect on height.?®

As expected, recruits who were farners were taller, while |aborers shorter, both
significantly so. Being froma county with nore |ong distance migrants (the foreign

born) caused a reduction in height in the overall npdel, consistent with a contagion
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as well as an inequality view, though the estimated coefficients did not nmeet the
significance levels.? Region of birth did show an inportant influence on height in
Tabl e 4, even holding other factors constant. The M dwest did better, as did the
Sout h east of the M ssissippi, relative to New England and especially the Mddle
Atlantic region, with their large urban and inm grant populations. Recruits from
the Mdwest were 1-2 centineters taller than those fromthe Mddle Atlantic Region,
all other things being held constant. The transport variables had coefficients
consistent with the contagi on hypothesis. For the New York nodels, the water
transport variable was statistically insignificant, likely because by 1850 npst New
York State counties were already well connected by water transport.!® The variable
for protein availability did show the expected positive sign, and it was
statistically significant in the overall sanple but not in the New York sanple.
This may wel| have been because of the nore advanced state of agricultural and
overal | economnmic devel opnent in New York.

The coefficients on year of enlistnent did show that those recruited early in
the war were taller than those recruited later. Finally, the age (i.e., birth year)
coefficient was significant and positive, pointing to smaller heights anong younger
recruits. Since only older recruits were taken (assum ng they had reached their
adult terminal heights), this indicates that the “Antebel | um Puzzle” was present for
both the overall sanple and that of the New York born recruits.® This is also
clearly seen also in Figures 4 and 5.

CONCLUDI NG COMMENTS

These results confirmthat the “Antebell um Puzzl e” of declining heights in the
face of robust economic growth was a real phenonenon. The age (i.e., approxinmate
birth cohort) effects in the regression nodels were persistent, robust, and in the
expected direction. The results in Tables 4 and 5 al so suggest sone of the causes.
Rapi d econoni ¢ devel opnent in the United states in the three decades prior to the
Civil War were characterized by fast urban growth, significant mgration from
abroad, considerable internal nobility, great changes in the transportation
infrastructure, and increased commercialization, including in agriculture. These
all contributed to a worsening nortality environment which had adverse consequences
for human growth. This may be characterized as “Smthian” growmh via extension of

markets with negative externalities. That the shortest recruits were born in New
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Engl and and the Mddle Atlantic region and from nore urban counties with higher
proportions of foreign born supports this. Al this suggests that nortality was not
uni nportant to the "Antebell um Puzzle". Being born in a county with water or
railroad transport connections in 1850 also is consistent with both a contagion and
a comercialization view. The result that farmers were taller and that |aborers
were shorter is also supportive of these rural-urban effects. The latter is,
however, also indicative of the possibility of rising inequality. Laborers were
nore likely to be urban dwellers and to be | ow on the soci oecononic status scale.
Farnmers were nore likely to have had nore wealth and an i ndependent source of food
in addition to having been rural folk.

The issue of deteriorating nutrition also received support here. Oher
inquiries [Kom os, 1987, 1996; Craig and Weiss, 1998] do point to that. |If so, it
could well have been a consequence of increased comercialization and the |loss of a
vari ed subsistence diet, as well as rising inequality. A nore direct test of
commerci al i zati on was attenpted using town data for New York State and the state
census of 1855. Those results (not reported directly here) show that the a sinple
neasure such as cows, hogs, butter, or cheese per person in the town yielded a
positive regression coefficient. This is nore consistent with a positive role for
local nutritional availability than of the negative inpact of conmercialization.

Overal |, then, the “Antebellum Puzzle” seens to have resulted froma conpl ex of
factors, including urbanization, increased population mobility, worsening nortality
conditions, greater contact via inproved transport infrastructure, and deteriorating
nutrition. It seens that the growing prosperity of the United States in the
antebel | um period was partly purchased at a price of some deterioration of the
bi ol ogi cal standard of living. This situation did not rectify itself until the end
of the 19'" century, when heights began to rise and when nortality began to decline

especially in urban areas.



FOOTNOTES

1. The data in Steckel [1992] are based, in turn, in nmaterials cited in Foge
[1986] plus additional materials. The underlying nunbers for Figure 1 are given in
Appendi x A

2. The Death Registration Area was forned in 1900 fromten states (Mine, New
Hanpshire, Vernont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey,
I ndi ana, and M chigan) and the District of Colunbia. These areas were deened to
have acceptable levels of death registration. The Death Registration Area was then
expanded until it included the entire United States (by 1933)

3. The rise in death rates at the end of the century is explained by the
increasing inclusion of the nore accurate registration data.

4. The New York State Census enunerated |ivestock from 1821 onwards and al so nade
i nquiries about butter, cheese, and mlk production after 1845. The Federal Census
began reporting on livestock in 1840 and on livestock products in 1850.

5. These records are being linked to a | arge nunber of other data frommlitary
pension files, mlitary service records, and the census [Fogel, 1993]. About half
of the process is conplete, but those data will not be used in this version of the
present paper. There is also little evidence of truncation in the sanple of
recruits due to mnimum height requirements. See Margo and Steckel [1983].

6. The original links made in the sanple to data on towns and counties fromthe
1850 and 1860 Federal censuses for both place of birth and place of recruitment were
based on exact mmtches of place names with no possibility of nultiple nmatches.
There were problens with this procedure. M sspellings were not uncommon and
resulted in non-matches. There were al so sone states (notably Pennsyl vania and
several in the Mdwest) with nunerous places having the same nane. For exanple,
there were 45 places naned “Washington” in Indiana alone in 1860. Sone effort was
made here to correct misspellings and to assign nore likely matches. For instance
127 Pennsyl vania recruits were listed as born in “Lancaster.” There was (and is) a
city of Lancaster in Lancaster County, as well as a town of Lancaster in Butler
County. Based on the unit and the clustering of birthplaces in the sanme unit, it
was decided to assign themto Lancaster County. |In general, anbiguous cases were
assigned to the county nanme when that seened reasonable. |In this way, the nunber of
mat ches at all ages was increased from 14,583 to 23,552

7. This information was taken from | CPSR data set nunber 0003 and from data on



agriculture fromthose censuses, sone of which was kindly provided by Lee Craig and
Thonmas Wéi ss.

8. Mortality data collected fromthe census nust be used with caution. The data
were col |l ect subsequent to a question on whether there was one or nore deaths in the
famly or household in the year prior to the census (in this case June 1, 1849 to
May 30, 1850). There was substantial underreporting of deaths, particularly at the
youngest and ol dest ages. [Haines, 1979; Condran and Crimmins, 1979.] The Census
Bureau was aware of the problem stating in connection with the nortality report of
the 1860 census: “It is very apparent that the whol e nunber of deaths which occurred
in the year was not furnished.” The report goes on to note likely causes: death of
a famly or household head, resulting in the breakup of the fam |y or househol d and
not report; lack of information by the respondent; deaths not in famlies or
househol ds (e.g., institutions, boarding houses, ships); reference period error
(i.e., not renenbering whether the death occurred within the tinme period asked);
deat hs of non-relatives. [U S. Bureau of the Census, 1866, pp. xxiii-xxiv.] Sone
conparisons of census nortality data to registration data for Massachusetts and New
Jersey in 1879/80 indicate overall underreporting in the census of about 35-45%
[Condran and Crinmns, 1979, Table 6.] There is, however, no strong reason to
bel i eve that underreporting varied greatly by location or region in 1850.

Di fferences in age/sex conposition likely had no great inpact on differentia
undercount of total deaths. Finally, a significant chol era epidem c took place
during the early part of the census year (in 1849), and, ironically, hel ped bring
nortality levels closer to those of “normal” years. [Vinovskis, 1978; Rosenberg
1962.] In general, the crude death rates and the regression coefficients estinmated
fromthem should be inflated by about 40%

9. Transport proximty was coded as a set of dummy variabl es based on historica
maps. The presence of rail or water transport was coded as a 1, otherwise 0. These
data were kindly furnished by Lee Craig and Thonmas Wi ss.

10. The expected signs would be negative for |aborers, the crude death rate, and
proportions urban, and foreign born. The sign expectations would be positive for
farmers and for neasures of protein availability. The expected signs for
commerci alization (water and rail transport) are anbi guous. Conmercialization could
produce taller, healthier persons via greater incones, but it could also create

greater contact with new di sease vectors and possi bly a degradation of diet as



farmers specialized and | ost the varied produce of the subsistence farmer. In
addition, the relative price of nutrients would have been higher.

11. For exanple, the crude death rate for 1850 was correlated .534 with the
proportion urban and .476 with the proportion foreign born.

12. The correlation between the proportion urban and the proportion foreign born
was .76 over counties for the national sanple.

13. This would al so have been true if individual place of enlistnent had been
classed as urban or rural. This was not used because of the smaller sanple size
resulting fromthe use of that variable.

14. A simlar result would have held if the variable for population nobility had
been the proportion of all those born outside the county, including both the native
and foreign born.

15. Only three of the 62 New York counties (Cortland, Ham Iton, and Ot sego) were
reported as having no such transport connection in 1850.

16. The age effect persisted also for recruits born and enlisted in New York

St at e.
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APPENDIX TABLE A. MEAN HEIGHTS OF NATIVE-BORN WHITE MALES & EXPECTATION OF LIFE AT AGE 10.
UNITED STATES, 1720-1670.

(N {2) 3) (4) (5 (6)

EXPECTATION OF LIFE AT AGE 10 (a) STATURE
YEAR CN WHICH YEAR ON WHICH YEAR ON WHICH MEAN
OBSERVATION e{10} OBSERVATION e{10) OBSERVATION HEIGHT
CENTERED CENTERED CENTERED {cm)
1720-24 51.8 1710 171.5
1725-28 52.7 1715 172.2
1730-34 520 1720 171.8
1735-38 51.2 1725 1721
1740-44 52.9 1730 1721
1745-48 523 1735 171.7
1750-54 525 1740 1721
1755-59 52.9 1745 172.0
1760-64 53.9 1750 172.2
1765-69 537 1785 1721
1770-74 54.8 1760
1775-79 55.2 1765
1780-84 56.4 1770
1785-89 56.5 1775
1790-94 56.7 1780 173.2
1795-99 55.4 1785 173.2
1800-04 55.2 1790 172.9
1805-09 53.0 1795 172.8
1810-14 523 1800
1815-19 51.9 1805
1820-24 51.4 1810
1825-29 51.1 1815 173.0
1830-34 51.0 1820 172.9
1835-38 50.2 1825 173.1
1840-44 48.7 1830 173.5
1845-48 48.2 1850 47.3 1835 1731
1850-54 47.9 1840 172.2
1855-59 47.8 1860 49.4 1845 171.6
1860-64 49.2 1850 171.1
1865-69 514 1870 506 1855 170.8
1870-74 1860 170.6
1875-79 1880 48.3 1865 171.1
1880-84 1870 171.2
1885-88 1890 504 1875 170.7
1890-94 1882.5 168.9
1801 51.4 1800 51.2 1887.5 169.2
1810 52.4 1892.5 169.0
1819-20 54.6 1897.5 170.0
1930 55.3 1802.5 170.0
1940 58.9 18086.5 171.6
1950 61.6 1911 172.2
1960 62.8 1916 172.9
1970 632 1921 173.2
1980 65.5 1931 175.5
1990 66.7

(a) White population only for 1201-1990 in Col. (2} and 1850-1900 in Col. (4).

SOURCE: Cols. (1)2) for 1720-1869, Fogel (1986); for 1901-1990, NCHS (1994).
Cols (3)-(4), Haines (1998). Cols. (5)-(6), Fogel (1886); Steckel & Haurin (1990).



APPENDIX TABLE B. Child Mortality and Expectations of Life. United States, 1830-1941.

Child Mortality®

Source Region Period Sex q(l) q(2) q(5) € e ey
Jaffe & 44 New Eng- 1826-35 Total 51.0 42.9
Lourie gland Towns
[1942)

Salem, MA & 1826-35 Total 46.0 37.8

New Haven, CT

Boston, New 1826-35 Total 35.9 28.0
York City &
Philadelphia
Estimated U.S. 1826-35 Total 49.8 41.7
Jacobson Massachusetts- 1850 Male 16064 .21394 .27245 40.4 47.8 40,1
(19571 Maryland, White Female .13079 .18262 .24122 43.0 48.6 4l1.7
Meech United States, 1830-60 Male 16195 .21569 .27468 41.0 48.4 40.9
[1898] Whites Female .13430 .18752 .24769 42.9 48.8 4l1.4
Haines Rochester, NY 1838-42 Male .12727 .29258 40.2 46.0 38.0
& Higgins Female .11340 .22919 41.8 46.3 38.7
£1997]
1853-57 Male . 14534 .23457 43.9 48.7 40D.6
Female .11883 .19973  47.0 49.9 42.1
Kennedy Massachusetts 1850 Male 38.3 48.0 40.1
(1853] Female 40.5 47.2 40,2
Elliot Massachusetts 1855 Total .15510 .22670 .28540 39.8 47.1 39.9

[1857] (166 towns)

Haines Massachusetts 1855-56 Total .12994 W24262 44.2 49.8 42.2
Haines Massachusetts 185¢-61 Male 14246 24846 43.5 49.6  41.9

Female .13643 .22466 45.1 52.8 42.4
Vinovskis Massachusetts 1859-61 Male L22646 46.4 51.6 44.0
{1972] Female .19193 47.3 50.1 43.0

Haines Seven New York 1850-65 Male .14655 18067 .21268 45.9 49.2
[1977] Counties Female .12389 .15821 .19105 48.9 51.4
Total .13549 .16972 .20213 47.4 50.3

Haines United States 1850 Male .24092 .28396 .32195 37.2 46.2 38.4
[1979) (U.S. Model] Female .21712 .25937 .29845 39.4 47.5 139.8
1860 Male .20210 .23979 .27361 41.6 48.3 40.3

Female .19153 .23041 .26684 42.1 48.7 40.9

1870 Male .19210 .22788 .26007 43.0 49.2 4l.1



Fogel

Pope
[1992}

Haines

United States,
White
[U.S. Model)

United States,

United States
[Genealogies)

Massachusetts

1880

1850

1900

1850

1860

1870

1880

1890

1500

1850-60

1820-29

1830-39

1840-49

1850-59

1860-69

1870-79

1880-89

1864-66

Female

Male
Female

Male

- Female

Male
Female

Male
Female

Male
Female

Male

Female

Male
Female

Male
Female

Male
Female

Male

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

17724

.22015

.22980

.16334
.15765

.13356
.12476

.22829
.20596

.18774
.17515
.18513

.16633

.21436
.21526

.15675
. 14490

12784
. 11206

. 16002
. 14267

.21234

.25997
.27175

. 18744
.19232

. 16480
. 15572

.26997
.24684

.22351
.21158
.21955

.19968

.25326
.25553

. 18926
17722

.15730
.14012

.22431
.20352

.24531

.29538
.31019

.22875
.22546

.21252
.18611

.30697
.28486

.25579

.24598

.25056
.23114

.28794

.29268

.21914
.20829

. 18497
.16781

.28639
.26706

44.9 50.6 42.6
39.7 47.5 39.6
39.1 48.0 40.3
44.8 49.1 41.0
45.6 50.0 41.9
47.1 49.4 41.1
48.4 S0.5 42.3
38.4 46.6 38.8
40.6 51.4 43.9
43.2 49,1 41.0
44.1 49.6 41.7
44.1 49.9 41.8
46.4 S1.4 43.3
40.4 47.9 40.0
40.6 48.6 40.9
46.0 50.0 41.7
47.4 S1.0 42.8
48.5 50.4 42.0
50.7 51.9 43.5
46.7
43.3
44.9
44.6
44.6
41.5
37.1
40.8
39.5
41.2
42.2
44.3
42.2
45.8
42.9
38.4 45.8 38.7
41.6 48.7 41.8



Haines

Haines

Haines

Billings
(1886]
Billings
{1886]
Haines
Haines
Glover
(19213

Abbott
(1898)

Haines

Glover
(1921}

Preston/
Haines
[1991)]

Massachusetts

Massachusetts

Massachusetts

Massachusetts

New Jersey

Massachusetts

Massachusetts

Massachusetts

Massachusetts

Massachusetts

DRA, Total

DRA, Whites

DRA, Blacks

DRA, Urban,

Whites

DRA, Rural,
Whites

U.s., Total

U.S., Whites

U.S., Blacks

1869-71

1874-76

1879-81

1878-82

1879-80

1884-86

1889-91

1890

1893-97

1893-97

1900-02

1500-02

1300-02

1900-02

1900-02

1895/00

1895/00

1895/00

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female
Total

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female
Total

Male
Female

Male
Female

.16675
.16090

.17941
. 15449

.17086
.16535

. 18080
. 15257

.15153
.13121

. 16923
. 14507

.17615
. 14957

.16777
. 14755

.17233
- 14699

.17466
. 14660

-13574
.11267
.12448

.13345
.11061

.25326
.21475

.15097
. 12545

. 10900
.08979

.12973
.11029
. 12047

.11988
.10120

.18346
. 15657

.21849
-19413

.24772
.21967

.22341
.19633

.23250
.20245

.19398
.16939

.22925
.20531

.23742
.20973

.20851
.18738

.20726
.18115

.23913
.21036

.16614

.14092
.15383

.16331
. 13832

.31098

+26990

.18683
.15883

.13065
.10967

-15836
.13930
. 14906

. 14569
.12702

.22656
.20040

.26214
.23881

.29812
.27050

W27712
.25045

.28342
.25408

.24132
.21217

.27210
.24668

.27354
.24613

.25322
.23415

.24234
.21593

.27331
-24417

.19452
.16881
.18196

.19136
16574

.35615
.31944

.22128
.19195

.15043
.12983

.18522
.16706
.17636

-16990
15174

.26698
.24234

49,
49.

48.
49.

49.
49.

49,
50.

51.
52.

49,
49.

49.
49,

48.
49.

49.
50.

49,
50.

50.
51.
51.

50.
52.

41.
43.

47,
50.

54.
54.

50.
52.
51.

51.
53.

46.
48.

W

(o]

41.
42.

41.
42.

41,
42.

42,
42.

43.
44,

41.
42,

41.
42.

40.
42.

41.
42.

41.
42.

42.
43.
42.

42.
43.

35.
36.

39.
41,

46.
46,

42.
44,
43.

42.
45.

38.
40.

W



Glover
£1921)

DRA, Total

DRA, Whites

DRA, Blacks

DRA, Urban

Whites

DRA, Rural

Whites

DRA, Whites

DRA, Blacks

DRA, Whites

DRA, Blacks

U.S., Total

U.S., Whites

U.S., Blacks

Selected Cities

Haines

Haines

Haines

Haines

Billings

[1886]

Haines

Suffolk Co.,
MA (Boston)

Suffolk Co.,
MA (Bostomn)

Suffolk Co.,
MA (Bostomn)

Suffelk Co.,
MA (Boston)

Boston, Whites

Suffolk Co.,

1909-11

1909-11

1909-11

1909-11

1909-11

1919-21

1919-21

1929-31

1929-31

1939-41

1939-41

1939-41

1855-56

1859-61

1864-66

1874-76

1879-80

1884-86

Male
Female
Total

Male
Female

Male
Female

Male

Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female
Total

Male
Female

Male
Female

Total

Male
Female

Male
Female

Male
Female

Male
Female

Male

. 12495
.10377
.11462

. 12326
. 10226

.21935
. 18507

. 13380
.11123

. 10326
.08497

.08025
.06392

.10501
.08749

.06232
.04963

.08732
.07204

.05238
.04152
.04710

.04812
.03789

.08238
06584

.17384

. 18027

.15940

-19414
.19747

.20041
.18387

.21739
.18873

.20160

.15016
.12743
.13908

. 14799
-12545

L27155
.23303

.16247
.13831

.12105
.10119

.09815
07757

.12782
.10851

07163
.05798

. 10245
.08538

.05762
.04621
.05206

.05276
.04204

.09088
.07328

.28120
.28115

.29428
.27161

.28518
.25365

.28245

.17282
.14883
.16113

.17028
.14651

.31411
.27232

.18815
.16266

.13777
.11679

.11158
.09279

. 14805
.12851

.08262
.06784

.11588
.09815

.06376
.05152
.05780

.05850
.04691

.09918
.08094

.34455

.34388

.29495

-35732
.35300

.35731
.33309

.34218
.30823

.33710

34.5

51.
53.
52.

51.
53.

40,
42.

49,
52.

54.
55.

54,
55.

46,
44 .

55,
57.

44,
45.

56,
59.
57.

57.
60.

48.
50,

44.

b4 .

46 .

41.
46 .

45.
47.

47.
48.

44,

~

~J

42.5
44.7
43.5
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Haines
Glover
(1921}

Glover
(19211

Haines

Haines

Glover
[1921]

Glover
{1921)

Haines

Billings
[1886)

Billings
[1886]

Billings
(1886)

Glover
[1921]

Glover
[1921]

Billings
[1886]

Glover
[1921]

Glover
{19211

MA (Boston)

suffolk Co.,
MA (Boston)

Boston
Boston
Suffolk Co.,
MA (Bostomn)
Philadelphia
Philadelphia
Philadelphia

Philadelphia

Philadelphia

Philadelphia

Philadelphia
Philadelphia
New York City
New York City,
Whites

Brocklym,
Whites

New York City
New York City
Chicago,
Whites

Chicago

Chicago

1894-96

1500-02

1809-11

1929-31

1860-61

1869-71

1879-81

1889-91

1500-02

1509-11

1919-21

1929-31

1878-81

1879-80

1879-80

1900~-02

1909-11

1876-80

1900-02

1509-11

Female

Male
Female

Male

. Female

Male
Female

Male
Female

Total

Total

Total

Total

Male
Female

Male
Female

Total

Total

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

Male
Female

.17732

.17870
.15023

15736
.13548

.13527
.11330

.07230
.07979

.18531

.21300

.21915

.19668

.15027
12741

14174
.11926

.08540

.06304

.26278
.22411

.23421
.20427

.19477
. 16424

.15673

.13298

.13186
.11405

.20526
.15107

.12010
.06762

. 13066
. 10431

.25915

.26501
.23576

.19875
.16983

.16333
.13851

.18978
.16369

.17456
.1495%

.35464
.31513

.32245
.28527

.27036
.24336

.20308
17564

.16799
.14762

.27950
.22919

15142
12764

.16079
-13196

.31453

.31567
.28472

.24002
.21017

. 19050
.16181

. 10094
.08220

.32837

.33249

.32047

.29722

.23006
.20232

.20558
.17796

.12526

.08693

42751
.38744

.38085
-34167

.33101
.30545

.24435
.21542

. 19907
.17708

.34394
.29958

.18191
. 15676

.18980
. 15959

36.2

45.

44,
47.

46.
48.

47.
50.

51.
54.

47.

45,

46.

47.

46 .3

49.

48.
51.

51.
53.

42.
45.

44,
46.

48.
49.

4.
48.

47.
50.

50.
51.

47.
55.

51.
52,

-~

wn
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a

q(l) is the probability of dying before reaching age 1. It is the infant mortality rate. q(2)
and q(5) are the probabilities of dying before reaching ages 2 and 5, respectively. e,, ey, and
e,, are the expectations of life at birth and at ages 10 and 20.

Source: Jaffe & Lourie [1942]. Jacobson [1957]. Meech [1898). Pope [1992]). Meeker [1972], Table
1. Glover (1921]1. Haines [1977, 197%a, 1998)., Preston & Haines [1991]), ch. 2. Vinovskis [1972].
Fogel [1986), Table 3. U.S. Bureau of the Census [1886] (Billings). Abbott [1898]. Various
Massachusetts and Philadelphia vital statistics and census data calculated directly from census
and vital registration data by the author.



TABLE 1. MORTALITY IN THE UNITED STATES, 1850-1990.

APPROX EXPECTATION OF LIFE: INFANT MORTAL-
DATE AT BIRTH AT AGE 10 AT AGE 20 ITY RATE

WHITE BLACK(a WHITE BLACK(a WHITE BLACK{a WHITE BLACK(a)

1850 38.4 47.3 39.5 216.8
1860 43.6 49.4 41.3 181.3
1870 45.2 50.6 42.5 175.5
1880 40.5 483 40.4 214.8
1890 46.8 50.4 42.2 150.7

1900 518 418 525 472 441 395 1108  170.3
1910 527 431 530 479 445 401 1061 1619
1920 574 470 546 453 460 378 821 1317
1930  60.8 485 563 448 472 366 601  99.9
1940 649 539 588 495 495 407 432 738
1950 69.0 607 615 545 519 452 268 445
1960 707 639 628 574 532 479 229 432
1970 716 652 633 568 537 473 178 309
1980 745 681 656 604 560 508 110 214

1990 76.1 69.1 66.9 60.7 57.2 51.1 7.6 18.0

(a) For 1950 and 1960, black and other population.

SOURCE: Haines [1994]. Preston & Haines [1991], Table 2.5. For 1910, unpublished
tabulations from the 1910 Census Public Use Microsample, based on Haines & Preston
[1997]. For 1920-1990, National Center for Health Statistics [1994].



TABLE 3. SELECTED LIVESTOCK DATA. NEW YORK STATE , 1825-1880.

HOGS  CATTLE KILLED FOR BUTTER CHEESE MILK SOLD
YEAR POP-NYC(a) TOTAL TOTAL COWS  BEEF  SHEEP (Ibs) (Ibs) (gals)
1821 1249106 1215049 2147351
1825 1448370 1467573 1513421 3496539
1835 1906428 1554358 1885771 4261765
1840 2116211 1900065 1911244 5118777
1845 2233272 1584344 2072330 999490 6443855 79501733 36744976
1850 2581847 1018252 1877639 931324 3453241 79766094 49741413
1855 2836402 1069792 2105465 1068427 225338 3217024 90293074 38944250 20957861
1860 3067066 910178 1973173 1123634 2617855 103097279 48548289
1865 3105391 1077226 1824221 1149392 221481 5521610 84584458 72195337 29631522
1870 3440467 518251 2045324 1350661 2181578 107147526 22769964 135775919
1875 3657072 960393 2250170 1339816 85571 2118547 107873361 7778413 41511599
1880 3876572 751907 2339721 1437855 1715180 111922423 8362590 231965533

PER CAPITA

1821 0.973 1.719
1825 1.013 1.045 2.414
1835 0.815 0.989 2.235
1840 0.898 0.903 2.419
1845 0.709 0.928 0.448 2.885 35599  16.453
1850 0.394 0.727 0.361 1.338 30.895  19.266
1855 0.377 0.742 0.377 0.079 1.134 31.834  13.730 7.389
1860 0.297 0.643 0.366 0.854 33614  15.829
1865 0.347 0.587 0.370 0.071 1.778 27238  23.248 9.542
1870 0.151 0.594 0.393 0.634 31.143 6.618 39.464
1875 0.263 0.615 0.366 0.023 0.579 29.497 2127 11.351
1880 0.194 0.604 0.371 0.442 28.871 2.157 59.838

SOURCE: Federal and state censuses.

(a) Population of New York State less New York County (New York City).
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