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the Increase of Mankind is well known to have influenced nearly

a century of demographers and social philosophers. Though the
essay’s central topic was the interrelationship between population growth
and subsistence, it was Franklin’s novel proposal of a twenty-five-year
doubling period for the colonial American population—a figure decid-
edly more vigorous than “old settled countries” could claim—that in-
trigued demographers and was cited repeatedly for succeeding decades.
Furthermore, Franklin’s twenty-five-year doubling period subsequently
proved to be uncannily accurate into the nineteenth century. Unac-
countably, however, Franklin never explained the source of his estimate,
perplexing historians and even leading some to propose that it was sim-
ply a lucky guess. Herein we propose an explanation for the origin of
Franklin’s inscrutable number, showing that it can be arithmetically de-
rived from the population figures he published in Poor Richard Im-
proved for 1750 and 1754, and suggesting his methods, though he
never “showed his work.” These findings lend substance to an often
suspected, but never demonstrated, connection between the Poor Rich-
ard data and the enigmatic twenty-five-year doubling period of the
Observations concerning the Increase of Mankind.

BENJAMIN FRANKLIN’S 1751 essay Observations concerning

INTRODUCTION

Historians of colonial American science have often noted that until well
into the eighteenth century the current of intellectual influence ran almost
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exclusively in one direction, from England to America. Prior to that,
though several talented American virtuosi provided materials worthy
of publication in the Royal Society’s prestigious Philosophical Transac-
tions,? their contributions were not widely influential, and offered little
counterbalance to the current of learned discussion that flowed west-
ward from England, constituting essentially a one-way transatlantic
conversation.

This, however, changed abruptly after Benjamin Franklin joined the
discussion in the mid-1740s. With a now historic series of letters be-
tween 1747 and 1752 reporting to the Royal Society his experimental
findings in the new science of electricity, Franklin virtually singlehand-
edly placed America on the scientific map with contributions that were
original, fundamental, and widely influential. While his seminal contri-
butions to electrical science are now widely known and extensively
chronicled,? it is little known that during the same very productive hemi-
decade, 1747-52, Franklin also pursued a parallel interest in the equally
new science of population statistics, then called “political arithmetick.”
Both sciences—electricity and political arithmetic—had emerged anew
and almost simultaneously during the scientific Great Instauration of
the preceding century, rapidly generating lively interest among natural
philosophers. As Franklin’s eighteenth century opened, though both
sciences were the subjects of energetic study, electricity remained poorly
understood and without practical application, whereas political arith-
metic was flourishing in a wide array of useful applications, including
medicine, public health, governance, and statecraft.

As political arithmeticians advanced their methods for “numbering
the people,” the new science focused attention upon the importance of
populousness, long recognized as the key to the strength and vigor of
nations. Consequently, as populousness became a leading desideratum
in statecraft, political arithmetic became a potent catalyst of social and
political thought. Political arithmeticians (demographers, in modern

2No fewer than thirty-five contributions by colonial American scholars and scientists—
such as Cotton Mather, Zabdiel Boylston, James Logan, and John Lining—were published in
the Philosopbical Transactions prior to 1750. The subjects comprised a broad array of natu-
ral sciences: geology, astronomy, zoology, botany, medicine, and meteorology.

3This area of Franklin historiography was spearheaded by I. Bernard Cohen, whose stud-
ies still dominate the field. See particularly idem, Benjamin Franklin’s Experiments: A New
Edition of Franklin’s “Experiments and Observations on Electricity” (Cambridge, Mass.:
Harvard University Press, 1941); Franklin and Newton: An Inquiry into Speculative Newto-
nian Experimental Science and Franklin’s Work in Electricity as an Example Thereof (Phila-
delphia: American Philosophical Society, 1956); Benjamin Franklin’s Science (Cambridge,
Mass.: Harvard University Press, 1990). See also Joyce Chaplin, The First Scientific Ameri-
can: Benjamin Franklin and the Pursuit of Genius (New York: Basic Books, 2006).
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usage) studied and discussed a growing array of population dynamics
and their political, economic, and social interplay—the effect of popu-
lation on land value, wages, manufactures, and trade; the effects of
state policy on families and reproduction, and hence on population
growth; and the apparent variations in salubrity and growth capacity
of differing geographies and nations,* the latter customarily expressed
as the “doubling period,” the time required for a particular population
to double itself.

Early in the eighteenth century yet another factor sharpened inter-
est in political arithmetic.’ It became suspected by British demographers
that for reasons unknown birth rates were lagging considerably behind
child-bearing capacity,® raising serious questions about whether the
populations of England, the Continent, and, indeed, the world, were
actually increasing or decreasing. Thus depopulation as a social and de-
mographic issue became a subject of active discussion toward the mid-
eighteenth century, encompassing not only arithmetical methods, but
political, social, biological, and moral issues as well.” By some, the fate
of mankind was feared to be in the balance, a concern that generated
urgent and escalating debate among political arithmeticians and social
philosophers toward the close of the century.?

In the 1740s Franklin became deeply interested in these population
questions, particularly as he began to perceive that the American colo-
nies appeared to possess their own distinctive, comparatively favorable
properties of number and growth. Although he himself was not initially
involved in the ongoing population controversies of distant Britain, his
evolving thoughts on the subject, under specific circumstances to be
discussed below, formed the subject of an essay written in 1751, Obser-
vations concerning the Increase of Mankind, Peopling of Countries,

4Alan Houston, Benjamin Franklin and the Politics of Improvement (New Haven and
London: Yale University Press, 2008), 116-22.

5The impetus for the ensuing eighteenth-century concern about depopulation is com-
monly ascribed to Montesquieu’s 1721 Lettres Persanes. See Andrea Rusnock, Vital Accounts:
Quantifying Health and Population in Eighteenth-Century England and France (Cambridge:
Cambridge University Press, 2002), 179-81.

¢R. R. Kuczynski, “British Demographers’ Opinions on Fertility, 1660 to 1760,” in Politi-
cal Arithmetic. A Symposium of Population Studies, ed. Lancelot Hogben, 283 (London:
George Allen & Unwin, 1938); Harald Westergaard, Contributions to the History of Statis-
tics (New York: Augustus M. Kelley, 1969 [1932]), 84.

7Rusnock, “The Depopulation Debates,” chap. 7 in idem, Vital Accounts, 179-209.

8E. P. Hutchinson, The Population Debate: The Development of Conflicting Theories up
to 1900 (Boston: Houghton Mifflin Co., 1967), chaps. 5-7; Rusnock, Vital Accounts, 179-
82; D. V. Glass, Numbering the People: The Eighteenth-Century Population Controversy and
the Development of Census and Vital Statistics in Britain (Farnborough, Hants., England:
Saxon House, 1973), 11-67.
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&'c, which was published in 1755, just as the population debates were
drawing up sides.!® As did his electrical experiments, Franklin’s Obser-
vations also contained innovative ideas that captured the attention of
those engaged in debating the questions cited above, adding yet an-
other substantial contribution from colonial America to the learned
discourse of the day. Thus at mid-century, with a new Philadelphia par-
ticipant on the scientific scene, contributing ideas that commanded the
attention of the scholarly community, the transatlantic intellectual cur-
rent became bidirectional, a true conversation.

AMERICA’S FIRST DEMOGRAPHER

Benjamin Franklin’s treatise Observations concerning the Increase of
Mankind, Peopling of Countries, ¢&c is well known to students of
Franklin’s life and of demographic history as a theoretical essay on the
causes and extent of differences in population increase between “the
old settled countries” and the New World.!! Of central importance to
the paper was Franklin’s succinct statement of the relationship between
population growth and subsistence, which, as is equally well known,
was cited prominently by Thomas Malthus in his classic Essay on the
Principle of Population, which in turn directly influenced Charles Dar-

9Between 1751 and 1754 Franklin circulated the manuscript for comment to several
knowledgeable friends in both England and the colonies. He first consented to its publication
late in 1754 (a delay that will be commented on below), and it first entered print as: [William
Clarke], Observations On the late and present Conduct of the French, with Regard to their
Encroachments upon the British Colonies in North America. . . . To which is added, wrote by
another Hand; Observations concerning the Increase of Mankind, Peopling of Countries, &c.
(Boston: Kneeland, 1755). Franklin’s Observations was immediately reprinted in London,
thus entering scholarly circulation in 1755. The essay is reprinted, with extended editorial
notes, in Leonard W. Larabee, ed., The Papers of Benjamin Franklin (New Haven: Yale Uni-
versity Press, 1961), 4:225; hereafter PBF.

10Demographic historian David Glass has proposed that the eighteenth-century popula-
tion controversies can be viewed as beginning in 1754-56 with several contributions to the
Philosophical Transactions by Rev. William Brakenridge, arguing that the population of Lon-
don had fallen since the early eighteenth century. See D. V. Glass, “The Population Contro-
versy in Eighteenth-Century England. Part I. The Background,” Population Studies 6 (1952):
69-91, 70.

1 Useful discussions of Franklin’s essay include J. A. Leo Lemay, The Life of Benjamin
Franklin. Volume 3. Soldier, Scientist, and Politician 1748—1757 (Philadelphia: University of
Pennsylvania Press, 2009), 240-64 (hereafter, Lemay, Life of Franklin, 3); editors’ headnotes
to PBF 4:225-26; Lewis ]. Carey, Franklin’s Economic Views (Garden City, N.Y.: Doubleday,
1928), 46-60; James H. Cassedy, Demography in Early America. Beginnings of the Statistical
Mind, 1600-1800 (Cambridge, Mass.: Harvard University Press, 1969), 161-71; Alfred O.
Aldridge, “Franklin as Demographer,” Journal of Economic History 9 (1949): 25-44; Hous-
ton, Politics of Improvement, chap. 3, “Population”; and Joyce E. Chaplin, Benjamin Frank-
lin’s Political Arithmetic: A Materialist View of Humanity (Washington, D. C.: Smithsonian
Institution, 2008), 22-26.



162 WILLIAM F. VON VALTIER

win’s development of the concept of natural selection. Franklin also in
the same paper provided his own estimate of the doubling period of the
New England colonies, the first to originate from an indigenous ob-
server. Notably, his proposed doubling period of twenty-five years as-
serted a startlingly higher growth rate than that of cities and countries
of the Old World, whose doubling periods ranged from forty years at
the most rapid to several hundreds of years for older, more stable
populations.

Although Franklin referred modestly to the essay as “a little pa-
per,” 12 it generated much interest among demographers of the time, was
republished several times into the next century, and directly influenced
other population scientists in both the New World and the Old, e.g.,
Ezra Stiles in Newport, Rhode Island, and Richard Price and Adam
Smith in England.!3 Indeed, Franklin’s twenty-five-year doubling period
ultimately entered the mainstream, sometimes with a familiarity that
omitted its connection to the original essay; and a half century later,
when Malthus cited it, he referred to it as “a rate in which all concur-
ring testimonies agree.” Generalizing even further than had been Frank-
lin’s original intent, Malthus declared that “it may safely be pronounced
therefore, that population, when unchecked, goes on doubling itself ev-
ery twenty-five years, or increases in geometrical ratio.”'* In 1830, three
quarters of a century after publication of Franklin’s essay, a dissenting
participant in the vociferous population debates provoked by Malthus’s
Essay on the Principle of Population complained that “still the philoso-
phers of Europe continue to appeal to his [Franklin’s] notions on the
subject.”!’

Moreover, Franklin’s twenty-five-year doubling period, startling
though it seemed at the time, proved uncannily accurate through the
remaining four decades of his life and for the century after his death.
This can be seen in the results of the United States Census—the world’s

12Franklin to William Shipley, 27 Nov. 1755. PBF 6:275.

13]. A. Leo Lemay, “The Influence of Benjamin Franklin’s Observations concerning the
Increase of Mankind (1751) on Ezra Stiles, Richard Price, and Adam Smith; on Thomas
Malthus; and on Alfred Russel Wallace and Charles Darwin,” in Lemay, Life of Franklin,
3:606—-12; Dennis Hodgson, “Benjamin Franklin on Population: From Policy to Theory,”
Population and Development Review 17 (1991): 639-61, at 639; Norman E. Himes, “Benja-
min Franklin on Population: A Re-examination with Special Reference to the Influence of
Franklin on Francis Place,” Economic History. A Supplement to the Economic Journal, Vol-
ume VIII, 1934-37 (London: Macmillan, 1937), 388-98.

14T.[homas] R. Malthus, Parallel chapters from the first and second editions of An Essay
on the Principle of Population ... 1798 : 1803 (New York: Macmillan, 1895), 82.

15 Michael T. Sadler, The Law of Population: a treatise in six books; in disproof of the su-
perfecundity of human beings, . . . Volume the Second (London: Murray, 1830), 46.
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first constitutionally mandated, periodic population count,!® in whose
conception Franklin undoubtedly had a hand—first taken in 1790,
ironically the same year that Franklin died. From that first census it
may be calculated that the U.S. population, if doubled every twenty-
five years for the next century, that is, four times, or sixteenfold, pre-
dicted the population in 1890 with an error of less than one seventh of
1 percent.!” Further highlighting the accuracy of Franklin’s estimate, in
the same document he also predicted that the English population in the
American colonies, with its rapid doubling, would within a century,
i.e., by 1850, surpass that of England—another astonishingly accurate
prediction that did in fact occur by Franklin’s predicted date.!®
Unaccountably, however, Franklin never discussed or revealed the
source of his estimated doubling period, an omission that has remained
an enigma since its first publication in 1755, and has led some to sug-
gest that it may have been simply a lucky guess. Sixty-five years later,
William Godwin, a vocal and biting disputant of Malthus’s theory, and
well aware of the influence of Franklin’s Observations on it, carped
facetiously, “It were to be wished that Dr. Franklin had given his rea-
sons for this amazing superiority in the fruitfulness of the mar-
riage-bed on the other side of the Atlantic.” Franklin, Godwin charged,
was “eminently an American patriot,” his Observations “expressly
written to exalt the importance and glory of his own country.”!”
Another opponent labeled it an “extravagant assumption . . . a set of as

16 Scientific vogue aside, this requirement was determined primarily by the need for ac-
curate population figures upon which to base the proportional representation of the newly-
designed governmental form.

171790 census: 3,929,214; 1890 census: 62,947,714; 1890 calculated population:
62,867,424 (3,929,214 X 16); error: 80,290, 0.13 percent. From Conway Zirkle, “Benjamin
Franklin, Thomas Malthus and the United States Census,” Isis 48 (1957): 58-62, at 62.

18 Zirkle, “Franklin and Malthus,” 62. Though Franklin initially may not have intended
s0, this now well-known prediction soon assumed the dimensions of a veiled threat to the
Crown, signaling the first possibility of American dominance, and thereby increasing rather
than reducing tensions. Lemay has in fact titled his chapter on Franklin’s Observations “The
Fundamental Document of the American Revolution, 1751” (Lemay, Life of Franklin, 3:240).
As the evolving tensions escalated, the noted statistician Richard Price, a close friend of
Franklin’s, in a paper presented to the Royal Society in 1769, replaced the gloves of subtlety
with barbed words. Directly citing Franklin’s doubling period, Price referred to “the colonies,
formerly an increasing number of FRIENDS, but now likely to be converted, by an unjust
and fatal policy, into an increasing number of ENEMIES” (emphasis in the original). The of-
fensive words were expunged at the Royal Society reading, but were published later (Richard
Price, “Observations on the Expectations of Lives, the Increase of Mankind, [etc.],” Philo-
sophical Transactions 59 [1769], 89-125, at 122).

William Godwin, Of Population. An Enquiry Concerning the Power of Increase In the
Numbers of Mankind, Being an Answer to Mr. Malthus’s Essay on That Subject (London:
Longman et al., 1820), 127.
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ungrounded assertions as ever abused public credulity.”?° Today, two
and a half centuries later, the question stands unanswered still. With
more scholarly reserve, the twentieth-century demographic historian
E. P. Hutchinson has commented that Franklin’s “basis for the estimate
has not been found and perhaps it was only a reasonable estimate.”?!

In an age of muscular scientific empiricism, an era consciously epit-
omized in the Royal Society’s motto Nullius in verba (Take nothing on
authority), how did Franklin get away with this? Why was the usual
expectation for justification of a bold new scientific claim relaxed in
Franklin’s case? An explanation may lie in the historic context. In
1755, when Observations concerning the Increase of Mankind was
published, Franklin’s Experiments and Observations on Electricity
(1751) had recently dazzled the scientific world, rapidly going through
three editions, including a French translation. Coming closely behind,
his introduction of the lightning rod (1751-52) and the awarding to
him of the Royal Society’s coveted Copley Medal (1753) had given his
name a level of both scientific and public credibility seldom seen before
—extending from the most elevated tiers of the Royal Society to the
lowest stableboy. With such cachet, to demand an explanation for the
twenty-five-year doubling period might have seemed unnecessary, if not
presumptuous.??

Moreover, following publication of Franklin’s Observations, the
demand for justification would have ebbed as new census figures accu-
mulated to support the twenty-five-year doubling period. In 1761 Ezra
Stiles, a clergyman and one of the earliest demographers of colonial
America—until the late eighteenth century, churches and clergy were
often the most punctilious, and in some cases the only, keepers of vital
records—published a 139-page discourse on the Congregationalist
Church in Rhode Island that included extensive discussion of popula-
tion growth in New England. In it he presented two censuses “for the
colony of Rhode Island, by the King’s order in 1730 and 1755,” which
during that twenty-five-year interval documented a population in-
crease of 103 percent, a doubling period of 24.5 years.?? Stiles also cited
other data from various New England populations exhibiting doubling
periods even shorter, but his confidence in the twenty-five-year figure

20Sadler, Law of Population, 29-30.

21Hutchinson, The Population Debate, 113.

22Franklin’s rapid rise to prominence between 1750 and 1755 may also suggest an expla-
nation for the four-year delay in publication of the Observations. His circulation of the essay
to friends for approval from 1751 to 1754 (see n. 9) indicates a certain diffidence, possibly
overcome by the encouragement provided by the scientific acclaim that arose so rapidly dur-
ing that period.

23Ezra Stiles, A Discourse on the Christian Union (Boston: Edes and Gill, 1761), 109.
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is reflected in a chart predicting that the then estimated half million
inhabitants of New England would over the next seventy-five years,
1760-1835, undergo three doublings, an eightfold increase, growing to
four million souls.**

Although published population data were sparse in colonial Amer-
ica, modern archival reconstructions of colonial demographics by the
United States Census Bureau provide sufficient raw data to calculate
doubling periods for all the American colonies prior to 1790 (the year
of the first official census). In the tri-decade from 1750 to 1780, though
some colonies individually experienced widely disparate growth rates
(with doubling periods ranging from 8.4 to 58.5 years), their median
doubling period was 24.9 years, and the mean computed for all thir-
teen as a whole was 25.7 years.?

The striking agreement of Franklin’s estimate with subsequent pop-
ulation numbers—an unlikely product of intuition, howsoever astute—
deserves elucidation. The present study proposes an answer to this
continuing enigma—that, although Franklin did not “show his work,”
he did in fact present his raw data, and that from them his steps can
be retraced.

FRANKLIN’S DEMOGRAPHIC INTEREST AND ACTIVITIES

The immediate occasion for the writing of Observations concerning
the Increase of Mankind was the passage in June 1750 of the British
Iron Act, enacted at the behest of England’s iron masters to restrict the
colonial iron processing industry (rolling and slitting mills, hammer-
ing forges, and steel-making furnaces), whose competition was a threat
to England’s manufactories; but to permit and encourage (by elimi-
nation of duties) the colonial export of pig and bar iron, which En-
gland lacked.?¢ That this event served as the provocation for Franklin’s

24 Stiles, Discourse, 121.

25 Computed from data in “Estimated Population of American Colonies: 1610 to 1780,”
in Historical Statistics of the United States, Colonial Times to 1970, 2 vols. (United States
Bureau of the Census, 1975), 2:1168. The date range of calculated doubling periods pre-
sented here, 1750-80, is bracketed to reflect population counts that presumably would have
been available in the decades following Franklin’s 1750 estimate. Both the mean and the de-
viations from the mean of these retrospective calculations correspond closely to a footnote
comment in Franklin’s Works: “Strangers excluded, some parts of the northern colonies dou-
bled their numbers in fifteen or sixteen years; to the southward they are longer; but, taking
one with another, they have doubled by natural generation only, once in twenty-five years”
(Benjamin Franklin, The Complete Works, in Politics and Morals, of the Late Dr. Benjamin
Franklin, . . . 3 vols. [London: Johnson, Longman, et al., 1806], 3: 250n).

26See Carl Van Doren, Benjamin Franklin (New York: Viking Press, 1938), 216; Carey,
Franklin’s Economic Views, 48; Cassedy, Demography in Early America, 161; Houston, Poli-
tics of Improvement, 123-24.
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Observations is reflected in his explanation to a friend that he had writ-
ten it “to show that such Jealousies with Regard to Manufactures were
ill-founded.”?” Accordingly, the essay argued that the new trade and
manufacturing restrictions would negatively affect a rapidly growing
population.?®

Other purposes were at work as well, less imminent but equally
weighty. Increasing tensions between Britain and France at their fron-
tier along the Ohio Valley and Canadian territory (which would four
years later ignite the French and Indian War) threatened colonial needs
for expansion room to the north and west. Both countries were at the
time exploring a possible treaty to settle the differences, though the at-
tempt was ultimately unsuccessful. The matter as it stood in 1750
prompted Franklin in his Observations to argue a rationale based on
the needs of an expanding population: “How important an Affair then
to Britain, is the present Treaty for settling the Bounds between her
Colonies and the French, and how careful should she be to secure
Room enough, since on the Room depends so much the Increase of her
People?”??

However, although these considerations may account for Frank-
lin’s taking up his pen to write Observations, they reveal little of the
decades-long path that formed his understanding of eighteenth-century
demographic thought. Neither does it explain how he arrived at his
twenty-five-year doubling period, which he had probably worked out
(as proposed here) by or before 1749, well before passage of the Iron
Act, using methods that evince a thorough familiarity with the political
arithmetic techniques of the day.

Although the popular view of Franklin does not count demography
and statistics among his many accomplishments, it was in fact one of
his longest-standing intellectual interests, dating from his teen years
and pursued steadily throughout his life. Moreover, as noted above, at
the time of Franklin’s birth political arithmetic, then less than a half
century old, was in conspicuous intellectual and scientific vogue. Intro-
duced by John Graunt and William Petty in the 1660s,° the newfound
efficacies of political arithmetic had energized the growing awareness
of the power of numeric reasoning in science introduced by the works
of Johannes Kepler, Galileo Galilei, Sanctorius, and William Harvey in

27BF to William Shipley, 27 Nov. 1755. PBF 6:275.

28Franklin, Observations. PBF 4:226.

21bid., p. 233.

30 All citations herein from Graunt and Petty are taken from Charles Henry Hull, ed., The
Economic Writings of Sir William Petty together with the Observations upon the Bills of
Mortality more probably by Captain John Graunt (Cambridge: Cambridge University Press,
1899); Hull, Petty and Graunt.
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the late sixteenth and early seventeenth centuries. Though the specific
focus of political arithmetic was upon the enumeration of vital events
(births, deaths, and nuptials) and what could be surmised by calcula-
tion from those numerics, its broader and arguably more significant
consequence was the demonstration that numbers alone could provide
inferences of fact unavailable by other means—a conception unfamiliar
and startling in its era.3!

It was doubtless this intriguing power of the new political arithme-
tic to promote rational persuasion that appealed to Franklin’s native
facility with numeric patterns and his partiality for quantitative modes
of persuasion.3? This partiality for numeric decision making and statis-
tical advocacy was reflected in multiple areas throughout Franklin’s life,
of which the demographic assertions in the Observations concerning the
Increase of Mankind represented only one instance. Other prominent
examples are found in Franklin’s decades-long support of the contro-
versial introduction of smallpox inoculation, for which he produced a
steady stream of statistical information in the Pennsylvania Gazette to
“prepare the minds of the people” about the safety and effectiveness of
the new procedure; and, later, in his innovative pamphlet Some Account
of the Success of Inoculation for the Smallpox in England and Amer-
ica,® a statistical landmark, assembling the largest series of inocula-
tions yet reported (more than 14,000 cases), comparing survival in in-
oculated versus natural smallpox—an anticipation of what today would
be termed a meta-analysis.’* Another instance, remarkable for its ev-
eryday applicability, was his “prudential algebra,” a technique for re-
solving personal dilemmas by assigning numeric value to pro and con
factors in order to weigh, balance, and cancel them, including, even,
tabulating the values.?’

31 Graunt’s new techniques of statistical calculation first brought to light, for example, the
inherent regularity of vital phenomena such as rates of death and of many diseases previously
thought to be “the sport of chance,” the excess of male over female births, the approximate
numerical equality of the sexes, the high rate of mortality in the early years of life, and the
excess of the urban over the rural death rate.

32See Paul C. Pasles, Benjamin Franklin’s Numbers: An Unsung Mathematical Odyssey
(Princeton: Princeton University Press, 2008). Pasles’s meticulously researched mathematical
biography of Franklin adduces several notable examples of Franklin’s use of persuasion em-
ploying a quantitative rationale.

33London: Printed by W. Strahan, 1759.

341. B. Cohen, The Triumph of Numbers: How Counting Shaped Modern Life (New York
and London: W. W. Norton, 2005), 91-94; Stanley Finger, Doctor Franklin’s Medicine (Phila-
delphia: University of Pennsylvania Press, 2006), 49-65; J. A. Leo Lemay, The Life of Benja-
min Franklin. Volume 2. Printer and Publisher, 1730-1747 (Philadelphia: University of Penn-
sylvania Press, 2006), 455-58.

35BF to Joseph Priestley, 19 Sept. 1772. PBF 19:299. For a discussion of Franklin’s pru-
dential algebra, see Pasles, Franklin’s Numbers, 100-01.
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Franklin’s inclination to numeric persuasion showed itself early in
his Silence Dogood No. 10,36 which he published in 1722 at only six-
teen years of age. There, citing an extract from Daniel Defoe’s Essay on
Projects, he proposed a subscription fund for the benefit of widows,
based wholly upon a statistical consideration of population and mor-
tality figures of London, employing several then new concepts of popu-
lation science, monetary risk sharing, and the recent “ingenious calcu-
lations” of William Petty’s Political Arithmetick.’” At the time, Petty’s
works had become the virtual scripture of statistical thought; and
though the youthful Franklin may not have been closely familiar with
Petty’s work in 1722 when he put the famous statistician’s words into
the mouth of widow Silence Dogood, by 1729 he clearly had become
so. For in his Modest Enquiry into the Nature and Necessity of a Paper-
Currency, published in spring 1729 (within the first months after ac-
quiring his own printing office), Franklin drew heavily upon Petty’s
Treatise of Taxes and Contributions.’® Echoes of Petty’s political arith-
metic appear as well in Franklin’s later personal writings.?® The influ-
ence of other statistical writers, such as Charles Davenant and Thomas
Short, is also observable in Franklin’s writings, and several of their
printed works are represented in his personal library.*

As owner and editor of the Pennsylvania Gazette after 1729, Frank-
lin repeatedly applied statistics to information on trade, shipping, and
population. He published weekly and yearly burial figures for Philadel-
phia, comparing them with those of Boston and several European coun-
tries.*! In August 1731, the Pennsylvania Gazette ran a three-week seri-
alized reprinting from a London publication, The Political State, citing

36 [Benjamin Franklin], “Silence Dogood, No. 10,” in The New-England Courant, 13 Aug.
1722; reprinted in PBF 1:32-36.

37Franklin derived most of his text from Daniel Defoe’s Essay on Projects, while he him-
self wrote only the introductory paragraph, acknowledging its origin in another “ingenious
author.” Nevertheless, the choice of that particular means of persuasion, in an era in which it
was uncommon, says much about his cognitive style, even more tellingly so at such an early
age. The statistical subjects in the discussion included the yearly Bills of Mortality, the con-
stancy of death rates, the death rate in London (“one in 40 annually”), the predictability of
rates of death in certain groups, the calculation of risk therefrom, and the comparison of risk
between groups.

38 Carey, Franklin’s Economic Views, 46; J. A. Leo Lemay, The Life of Benjamin Franklin.
Volume 1. Journalist, 1706-1730 (Philadelphia: University of Pennsylvania Press, 2005), 399
(hereafter Lemay, Life of Franklin, 1); Benjamin Franklin, The Nature and Necessity of a Paper-
Currency. PBF 1:139-41, esp. ed. notes.

3% Benjamin Franklin, “Marginalia in a pamphlet by Josiah Tucker” (1766). PBF 17:348.

40 Carey, Franklin’s Economics, 46-47. Also see Edwin Wolf 2nd and Kevin Hayes, The
Library of Benjamin Franklin (Philadelphia: American Philosophical Society and Library
Company of Philadelphia, 2006).

41Lemay, Life of Franklin, 1:448-49.
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medical information from the Bills of Mortality, and giving heavy em-
phasis (about 80 percent of the material cited) to a review of Edmund
Halley’s statistical paper in the 1693 Philosophical Transactions, “An
Estimate of the Degrees of the Mortality of Mankind.”#> Halley’s study
of Breslaw [sic], Germany, discussing population assessment and cal-
culation of a life table, came to form one of the cornerstones of early
population science, and (as will be seen below) informed Franklin’s
later thoughts and methods in his own studies of New England’s
population.

At the conclusion of the three-week serialization, on the same page,
Franklin provided his own tabulation of the “Burials in the Town of
Boston, from the Year 1700, to 1731.” Appended to the table’s foot-
notes, in tiny italic typeface, is a typical Franklinian editorial nugget:
“By comparing the Number of Inhabitants in Boston with the above
Account, it appears, that not much above a 40th part of the People of
that Place die yearly, at a medium.” Inasmuch as the material in the
Halley article had prominently discussed the mortality rate in Breslau
as one in twenty-nine (a mortality rate nearly 40 percent greater than
the Boston rate), it may have been about this time that Franklin began
to suspect that the figures he had been accumulating suggested a greater
salubrity in the American colonies.*3

FRANKLIN AS AN ACTIVE DEMOGRAPHER

Franklin’s interest in population science remained largely intellectual
and journalistic until the development of two consequential life influ-
ences. In the late 1740s, as clerk to the Pennsylvania Assembly, he be-
came increasingly active in provincial affairs, involving him often in
committee work that relied upon population figures that were often
unavailable or of poor quality. Then, in 1748, fortified by the proceeds

4“2Edmund Halley, “An Estimate of the Degrees of the Mortality of Mankind, Drawn from
Curious Tables of the Births and Funerals at the City of Breslaw; With an Attempt to Ascer-
tain the Price of Annuities upon Lives,” Philosophical Transactions 17 (1693): 596-610;
hereafter Halley, “Breslau Study.”

431t is not known whether Franklin had at this time read Halley’s original 1693 article in
the Philosophical Transactions, or whether he relied on the 1731 review that he cited. But it
is clear that no later than the following year, 1732, he was a regular reader of the Transac-
tions, because from its 1694 issue he quoted at length in the Gagzette, and intelligently com-
mented on, an article by Thomas Molyneux on respiratory infections (“Dr. Molineux’s [sic]
Historical Account of the Late General Coughs and Colds; with some observations on other
epidemick distempers,” Philosophical Transactions 18 [1694]: 105-11). We suggest that
Franklin was indeed already familiar with the original Halley article, and, recognizing its
theoretical importance, used the appearance of the 1731 review to showcase the subject.
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of his immensely successful Poor Richard’s Almanacks, Franklin retired
from the active management of his printing offices to pursue experimenta-
tion in electrical physics and to indulge his growing desire for a life of
reflection in natural philosophy (i.e., scientific subjects). This initiated a
major transition for him, a prolific period that saw the emergence of
Franklin the statesman-scientist—a development that can justly be de-
scribed as an intellectual breakout.**

Freed from the demands of business, Franklin turned to doing sci-
ence as opposed to writing about it. Amid a busy and committed sched-
ule of electrical experimentation he also began to focus on actively as-
sessing the populousness of the American colonies, for which few or no
data yet existed. Having collected vital records from the New England
colonies since the early 1730s, he sought out information through cor-
respondence and direct connections (such as his friendship with Cadwal-
lader Colden, active in New York affairs and later lieutenant-governor;
or his connections in the New Jersey legislature, for which he did much
contract printing), and began to make his own calculations of “num-
bers of the people,” growth rates, and mortality. In spring 1749, Frank-
lin organized a census of dwellings in Philadelphia, the results of which
were reported in the Pennsylvania Gazette for 18 May 1749: “The
dwelling Houses of this City, being lately numbered, from a Motive of
Curiosity, by twelve careful Persons, who undertook a Part, there were
found as follows, . . . Total 2,076.” A modern reader is liable to slide by
the quiet phrase “from a motive of curiosity,” seeing in it only a
Franklinian wink. But if the term “curiosity” is taken, not in its modern
sense of inquisitiveness, but with its now obsolete eighteenth-century
connotation of “scientific or artistic interest; the quality of a curioso
or virtuoso,”# it suggests that Franklin had more on his mind than a

“4The intensity of this surge of creativity is reflected in its chronology: 1743, establishes
American Philosophical Society; 1744, begins deep immersion in electrical experiments;
1747-51, series of five pioneering reports to the Royal Society (via Peter Collinson) establish-
ing new, fundamental principles of electricity; 1747, publishes pamphlet Plain Truth and,
against staunch Quaker resistance, organizes the Pennsylvania militia and a lottery to pur-
chase cannons for Philadelphia’s defense; 1748, elected as alderman of Philadelphia; ca.1748—
49, commences active study of colonial population; 1749, justice of the peace for Philadel-
phia; 1749-51, founds the Philadelphia Academy, later University of Pennsylvania; 1751,
election to the Pennsylvania Assembly; 1751, co-founds the Pennsylvania Hospital; 1751,
writes Observations concerning the Increase of Mankind; 1751, publication of Experiments
and Observations on Electricity.

45 Oxford English Dictionary, Second Edition (1989), CD-ROM Edition (Oxford Univer-
sity Press, 2004). This more serious connotation was a common usage in the eighteenth century,
its associated adjective “curious” often invoked in the formal citations for the Royal Society’s
prestigious Copley Medal. For example, the citation for Franklin’s own 1753 Copley Medal
employed the term in that sense: “On account of his curious Experiments and Observations
on Electricity.”
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gentleman scholar’s number exercise. In fact, a more serious purpose
was at work, as will shortly become apparent.

Within months of the dwelling census, i.e., by mid-1749, when
compiling the Poor Richard Improved for the following year, Franklin
had gathered enough statistical information on the populations and
growth rates of the cities of Philadelphia and Boston, and the provinces
of New Jersey and Massachusetts Bay, to commit it to print. The result
appeared in a two-page article in the 1750 almanac, densely packed
with three tables and a myriad of statistical data in text format, inter-
spersed with minimal, terse explanation (figs. 1 and 2).4¢ The piece,
judged by historian James Cassedy to be “one of Franklin’s most origi-
nal demographic contributions,”*” marks Franklin’s earliest active ef-
forts in the technicalities of population science, and can be seen as the
precursor—indeed, an unintended “think piece”—for his subsequent
Observations concerning the Increase of Mankind.

By 1753 Franklin had also obtained additional data on the prov-
ince of West Jersey, and similarly included it in the 1754 Poor Richard
Improved in a two-thirds page entry (fig. 3). Because the 1750 and 1754
entries contain analogous data and were published prior to the Obser-
vations concerning the Increase of Mankind (1755), we shall deal with
them together as of a piece, and as indicators-in-common of Franklin’s
developing thought on population science.

THE PooR RicHARD DEMOGRAPHY ARTICLES, 1750 AND 1754

The two-page article on New England’s growing population in the
1750 Poor Richard Improved gives little pause when viewed as an al-
manac piece; however, it presents significant problems if read as a de-
mographic presentation. Readers of colonial almanacs expected to find
a potpourri of useful information: lists and tables of facts, dates, and
numbers, both local and general; agricultural and municipal detail,
such as numbers of horses, cows, and sheep; numbers of widows and
poor; commercial buildings and warehouses; inmates of almshouses
and workhouses; populations of neighboring counties; and numbers of
dwellings, warehouses, and churches. In this, Poor Richard’s readers

46 A savvy businessman, Franklin was mindful that the appearance of a compact type page
was for his frugal readers the almanac’s equivalent of a baker’s dozen. Adding to the impres-
sion of packed information in the demography entry was the use of a typeface that was un-
usually small (brevier, or 8 point) compared with that in the main body of the almanac (long
primer, or 9.5 point), and was set unleaded. Franklin was known to be pleased that “he had
a small Letter that no other Printer in America had besides himself” (John Webbe, “The De-
tection,” in American Weekly Mercury, 1740; reprinted in PBF 2:265-69, at 268).

47 Cassedy, Demography in Early America, 159.
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FIGURE 2. Poor Richard Improved, 1750. The Library Company of Philadelphia.
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FIGURE 3. Poor Richard Improved, 1754. The Library Company of Philadelphia.
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of the 1750 demography piece would not have been disappointed, for
it was there in abundance. But for a demographer trying to find evidence
of growth rates and population, it offers little in the way of organiza-
tion and explanation, suggesting hasty preparation, leaving essential
material unseparated from the inessential, perhaps just as it had been
collected. Franklin was, after all, at the time in the midst of an exciting
breakthrough in electrical theory that, within the next several months,
would lead directly to his solution of the identity between laboratory-
generated electricity and that of lightning (then, “thundergusts”). He
wrote to a friend that the work “so totally engrossed my attention and
my time” that “during some months past, [ had little leisure for any
thing else.”*® One imagines Franklin, having just retired from business
and no longer personally supervising the production details of the Poor
Richard’s Almanacs, hurriedly taking a sheaf of manuscript pages, ill
organized, with material from varied sources and many different writ-
ing sessions, and asking his new partner, David Hall, to see to their best
arrangement. That would explain the disjunction of several bits of re-
lated material in the final printed product. That Franklin was in fact
capable of better, is indicated by the far clearer presentation of the 1754
piece, which is concise and logical, moving in orderly progression to a
demonstration of the rapid growth of West Jersey Province.

These two Poor Richard demographies have received far less criti-
cal attention from Franklin scholars than his Observations concerning
the Increase of Mankind; indeed, they are most commonly bypassed as
inconsequential. And to fill this gap will not be the intent here.** The
focus, rather, remains sharply on the questions how and from what
source Franklin might have derived his doubling period estimate of
twenty-five years. For that purpose, it is sufficient to summarize the
main themes of the two Poor Richard Improved articles: the rate of
population increase of the New England provinces had been compara-
tively rapid; the currently accepted doubling periods for English and
European populations (ranging from forty to many hundreds of years,
and typified by the cited Breslau data) were substantially longer than
those of the American colonies; the prevailing estimate of the colonial
doubling period, thirty years, was not an accurate reflection of the New
World; and “people increase faster by generation in these colonies,

48Franklin to Peter Collinson, 28 March 1747. PBF 3:115.

4 Of the few who have gone beyond mere mention of the Poor Richard demographies, the
most thorough treatment is found in Lemay’s Life of Franklin, 3:243-46. Similarly, Pasles
provides a page and a half of useful, mathematically oriented discussion (Pasles, Franklin’s
Numbers, 70-71). Others who mention it, though with only brief discussion, are Joyce E.
Chaplin, Franklin’s Political Arithmetic, 20; and Cassedy, Demography in Early America,
159-61.
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where all can have full employ, and there is room and business for mil-
lions yet unborn.”

The general plan of the 1750 article presents an initial large mass
of data (the first three fourths of the material), grouped into tables and
paragraphs roughly by province, followed by a two-paragraph conclu-
sion of discussion and comments. The focus on growth rate is clearly
indicated by several statements that, for example, Massachusetts Bay
increased “near one sixth” from 1735 to 1742, while “New Jersey in-
creased in the same time near one third”; or that Philadelphia is “greatly
increased” from 1744 to 1749. But none of these provides a numeric
doubling period. Indeed, very few total population counts (required to
derive doubling periods) are provided.

Yet the issue of doubling periods makes a definite appearance, most
noticeably in two queries that open and close the article. The first men-
tion, at the opening of the article, follows the two prominent tables
presenting New Jersey’s populations in 1737 and 1745 (fig. 1). In the
text inset below the 1745 table, the reader, given the increase of 14,034
for the eight-year period, is challenged: “Query, At this rate of increase,
in what number of years will that province double its inhabitants?”
Then a similar challenge is repeated in the penultimate paragraph (fig.
2, par. 6), contrasting Halley’s Breslau study, which describes a decid-
edly slower growth rate in the older European city. Again Poor Richard
asks his “expert calculators” to compute how long it will be before the
people of Breslau will double themselves. The pair of contrasting
growth rates, like rhetorical bookends, subtly but definitely frames the
issue, as it also reflects Franklin’s developing thought about the unique
demography of a virgin continent.

Such arithmetical challenges were not unusual to readers of colo-
nial almanacs, where puzzles and riddles were staple material. Franklin
was especially fond of mathematical puzzles; they made regular ap-
pearances in Poor Richard’s Almanacks.’® But for these brain teasers
about doubling periods, Poor Richard (as was his custom) provided no
answers.

We shall return to the Breslau study shortly, but first we turn to the
substance of the article, its numbers.

DIirRecT METHODS OF COMPUTATION

In the earliest decades of political arithmetic, as populousness became
the touchstone for the vitality of a state or nation, the doubling period

50Pasles, Franklin’s Numbers, 83-86.
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became its benchmark, and remained so into the nineteenth century.’!
It was a subject studied by all political arithmeticians and promoted ac-
tively by Petty himself, who, in Another Essay in Political Arithmetick
(1682), highlighted the issue with an entire chapter on “Doubling of
the People of London.”’?

The calculation of a doubling period is a straightforward procedure
requiring only two given population figures and their respective dates.
The requisite population data can be obtained either directly (by census)
or indirectly (by calculated estimation). As in any computation of self-
generating growth, exponential mathematics is required—as in calculat-
ing compound interest; simple linear methods would prove misleading.
(See an example of the latter in n. 55.) The computation, greatly facili-
tated by the use of logarithms, was readily performed by Franklin,
whose mathematical capability was well above average.’3 (The doubling
formula used for the present study will be found at the foot of table 1.)

In the 1750 Poor Richard article, the New Jersey data were clearly
Franklin’s exhibit A, not only in the prominence with which he pre-
sented them, but also because they represented the only set of data for
which he had direct census counts for both population data points. Fol-
lowing two highly detailed population tables for the years 1737 and
1745, ordered by county and by demographic groups (fig. 1), a succinct
summary was provided in the subjacent inset: “Total of souls in 1737,
47,369; Ditto in 1745, 61,403; Increase 14,034.” The reader was then
challenged (as noted earlier) to calculate for himself the doubling period
—an exercise that Franklin himself had doubtless already performed.
Thus, as shown in table 1, row 1, the given population figures for New
Jersey reflect a doubling period of 21.4 years.

One naturally wonders whether any of Poor Richard’s readers took
up his challenge to attempt the calculation. And, indeed, at least one re-
doubtable “expert calculator” is known to have done so. Archibald

S1Modern-day vital statistics customarily state growth in percentage terms, as with com-
pound interest. In those terms, Franklin’s twenty-five-year doubling period represents a yearly
growth rate of 2.81 percent, which in compound progression over twenty-five years produces
an increase of 100 percent.

S2William Petty, Another Essay in Political Arithmetick, concerning the Growth of the
City of London: with the Measures, Periods, Causes, and Consequences thereof. 1682, in
Hull, Petty and Graunt, 2:456-64.

33While there is no documentary evidence to prove Franklin competent with logarithms,
it is highly likely that he was. Logarithmic tables had been introduced more than a century
earlier, and Franklin’s personal library contains, still extant, a dissertation on logarithms and
“their usefulness in abridging calculations”: Francis Maseres, Elements of plane geometry, in
which is introduced a dissertation on the nature and use of logarithms (London: Parker,
Whiston, and White, 1760), 265-361, listed in Wolf and Hayes, Library of BF, 537. See also
Pasles, Franklin’s Numbers, 136 and passim.
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Kennedy, a civil official of intellectual bent living in Newark, saw
Franklin’s material in the 1750 Poor Richard Improved and quoted it
in a pamphlet on trade difficulties between the colonies and Britain. To
bolster his argument for more “proper regulation” of colonial trade by
the Crown, Kennedy cited the material from Poor Richard’s demo-
graphic projections to illustrate the rapidly growing importance of co-
lonial trade. In the process he provided his own answer to Poor Rich-
ard’s challenge: “By an increase in this proportion, the inhabitants will
be doubled in less than twenty four years.”>* Though Kennedy did not
cite Poor Richard Improved by name, referring to it only as “a publick
paper,” the origin of his statement in Franklin’s material, rather than in
a chance simultaneity, is evident in several quotations clearly taken from
the Poor Richard article, almost verbatim. Unfortunately, Kennedy, un-
like Franklin, was evidently unaware of the mathematical necessity of
solving the problem exponentially rather than linearly; and thus his an-
swer erred on the high side.>®

It is known that Franklin and Kennedy were acquainted thereafter—
possibly through this very connection, and probably through mediation
by Kennedy’s publisher, James Parker, who was also Franklin’s New
York business partner—since Kennedy became a supporter of Frank-
lin’s Albany Plan, and Franklin attended Kennedy’s funeral in 1763, re-
ferring to him as “my old friend Kennedy.”*¢ Considering this, the con-
jecture is attractive that Kennedy’s reference in 1750 to rapid colonial
growth rate as an argument for fewer trade restrictions may have served
as a model for Franklin’s similar use of the same approach in his 1751
Observations concerning the Increase of Mankind.

As clear and suggestive as New Jersey’s shorter doubling period
was, a single figure provided insufficient basis to arrive at a useful gen-
eralization. More would be required. And there is indeed more.

INDIRECT METHODS OF COMPUTATION

The remainder of the 1750 PRI article appears entirely in text format
(fig. 2) and presents a less orderly grouping of material, a vivid contrast

34 Archibald Kennedy, Observations on the Importance of the northern Colonies under
proper Regulations (New York: Printed and sold by James Parker, 1750), 4. For this fascinat-
ing connection we are indebted to the encyclopedic work of the late Leo Lemay (Life of
Franklin, 3:243-48).

55Kennedy probably proceeded via an intuitive but misleading linear method: A) In a
population of 47,369, an addition over a seven-year period of 14,034 persons represents an
increase of 29.6 percent; B) to increase a 29.6 percent growth to 100 percent (i.e., to double
the original population) would require a 3.375-fold greater time period (i.e., 100 + 29.6 =
3.375); C) 7 years X 3.375 = 23.6 years, i.e., Kennedy’s “less than twenty four years.”

56 BF to Deborah Franklin, 16 June 1763. PBF 10:290.
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to the New Jersey material so clearly presented at the outset. Included
are all the other provinces of New England, many with accompanying
statistical data (and some without), although, perplexingly, with wide
variations of type of data scattered inconveniently throughout separate
paragraphs. It is, nevertheless, possible to discern within those many
scattered figures the basic data for three additional cities or provinces,
figures sufficient for indirect estimation of population totals usable to
compute doubling periods.

It becomes evident that Franklin was familiar with Graunt’s and
Petty’s earlier pioneering methods for estimating population numbers
indirectly, i.e., by calculation in the absence of direct census data. The
conception of calculated estimation of population had been one of the
seminal contributions of John Graunt’s 1662 Natural and Political Ob-
servations . . . upon the Bills of Mortality, by long consensus the found-
ing work of vital statistics, its methodology avidly expanded by his
contemporary William Petty, and followed by a growing number of in-
novative practitioners into the eighteenth century. Such estimations were
necessitated by the absence until the late eighteenth century of central-
ized censuses, which were not widely undertaken until earlier efforts had
demonstrated their undeniable value.’” Methods for indirect estimations
of population were varied, often ingenious, and sometimes based on
fuzzy supposition. All employed partial counts and accepted ratios, such
as counts of dwellings and “souls per household,” or empirically estab-
lished ratios of age groups, births, or burials to total population.’8

Accordingly, in Franklin’s Poor Richard demographic pieces are to
be found three of the most popular methods of estimation then in use—
albeit with little explanation: 1) the roll of yearly burials X the estab-
lished ratio of deaths per annum to total population; 2) a counted age
segment of a population X its known proportion to the total; and 3) a
dwelling count X an empirical number of persons per household. Using
these three methods, though lacking direct population figures (except
in one instance), Franklin would have been able to derive estimated

57 Despite professional and bureaucratic recognition of the benefits of a national census,
and despite several parliamentary efforts to enact one, public resistance slowed it consider-
ably, and Britain did not hold its first national census until 1801. Sweden, a notable excep-
tion, held its first national census in 1749, the United States did so in 1790 (as noted earlier),
the Netherlands in 1795, and France in 1801. Most other European countries did not insti-
tute national censuses until later in the nineteenth century.

38 Petty, for example, described “three ways of numbering the people: 1. By the houses, and
families, and heads living in each; 2. By the number of burials in healthful times, and by the
proportion of those that live, to those that die; 3. By the number of those who die of the
plague in pestilential years, in proportion to those that scape [sic]” (Five Essays in Political
Arithmetic [Hull, Petty and Graunt, 2:533]). Also see Harald Westergaard, “Political Arith-
metic in the Seventeenth Century,” in idem, History of Statistics, 16-37.
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populations and doubling periods for Philadelphia, Massachusetts Bay,
and West Jersey.

The mere presence of these data, notwithstanding their disorder,
strongly suggests an underlying process, while the disorder itself sug-
gests that Franklin had accrued it piecemeal over time, in the process of
formulating his ideas and working out his methods.>®

Philadelphia

The doubling period for Philadelphia presents not only the most inter-
esting, but also the most challenging, pair of population numbers in the
set, for the two figures are distantly separated in the text, and thus not
readily associated with even a careful reading. Moreover, the numbers
are not population censuses, but indirect population indicators, viz.,
numbers of burials in 1744 and of dwellings in 1749. They would
therefore require the use of two different methods of estimation to de-
rive the necessary population data points.

The first population point (which we will call P1) is found in the
text paragraph inset in the smaller table of burials at the bottom of
fig. 1 and carries over to the next page, in fig. 2. Franklin cites a mean
annual burial rate of 300 yearly, applying to it a multiplier of 1:35 to
arrive at a population estimate of 10,500 for Philadelphia in 1744.
“For in a healthy country (as this is) political arithmeticians compute,
there dies yearly one in thirty-five.”

The precise source of Franklin’s 1:35 mortality rate is unknown,
but population estimates computed from mortality rates were used
widely by political arithmeticians, and Franklin’s doing so demonstrates
his familiarity with the methodology of the era. Graunt’s estimate in
1662—the first ever made—had stated that “in London . . . one in 32
dies”;¢0 Petty in 1682 used one in thirty;¢! and Thomas Short in 1750
provided several charts that supported mortality rates of 1:37 and
another with a rate of 1:38.%2 Franklin himself (as noted earlier) had

39 Franklin, when studying a subject over extended periods, is known to have kept notes
for later reference. The best known of these is his “Hints Concerning what is called Catching
a Cold,” written circa 1770, when he was planning to write a treatise on the subject of respi-
ratory infections (reprinted in PBF 20:529-38). Never published, the document exists today
as an undated manuscript sheaf comprising a loosely arranged miscellany of paragraphs,
sentences, and notes, much as one imagines might have been the state of Franklin’s copy for
the 1750 PRI demography article.

¢0Hull, Petty and Graunt, 2:393.

611bid., 2:459.

62Thomas Short, New Observations, Natural, Moral, Civil, Political, and Medical, on City,
Town, and Country Bills of Mortality (London: Longman and Millar, 1750), 132-33.
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collected and published a Boston mortality of 1:40, comparing it with
Halley’s data, which showed a rate of 1:29. The use of 1:35 appears to
have been Franklin’s “medium” of the available values.

The source for a second population point (P2) is found, unaccount-
ably, out of context in a later, brief paragraph of only two sentences
(fig. 2, par. 5):

In 1748-9, the Dwelling-houses in Philadelphia were 2,076. The fol-
lowing Summer arrived 24 or 25 Sail of Ships with German Families,
supposed to bring near 12,000 Souls.®3

The misleading phrase “supposed to bring near 12,000 souls” ap-
pears to imply that immigrant ships brought 12,000 new persons, rather
than that their arrival brought the total populace to near 12,000, its in-
tended though enigmatic meaning.®* Furthermore, the interposition of
ambiguous information about newly arrived ships and immigrants ob-
scures the connection between the “dwelling-houses” and the number
of “souls.” Though no source is explicitly provided for the population
figure of “near 12,000 souls,” its association with the dwelling count
implies that Franklin was using Petty’s method of assuming six persons
per household as a multiplier, then rounding the product.® In fact, in
the 1754 Poor Richard article, to be discussed below, he did precisely
that: “suppos|ing] six Souls to each Freeholder.”

Recognizable here, then, is the dwelling count of 2,076 that Frank-
lin organized and reported in the Gazette article only months prior to
writing this. Its reappearance here illuminates the serious purpose of
the “curiosity” mentioned in the Gazette, and underscores the delibera-
tion with which Franklin pursued this interest—he required a second
data point with which to compute a doubling period for his home city.
Using the two estimated total populations of 1744 and 1749, the dou-
bling period for Philadelphia solves to 26.0 years (table 1, row 2).

63This paragraph, providing data from Philadelphia in 1749, appears to have been unin-
tentionally disjoined from its probable mate at the top of the same page, relating to Philadel-
phia in 1744. If read with that repositioning, the overall organization by colonies is much
clarified.

641t would have been impossible for twenty-five eighteenth-century ships to import 12,000
persons (i.e., 480 passengers each). Moreover, an influx of 12,000 new immigrants to a city
of only 10,500 (the estimated population in 1744) would have more than doubled the popu-
lation in one year alone. While Franklin did have a purpose in providing the immigrant in-
formation, its positioning here is awkward and varies markedly from his usual clear prose—a
further evidence of his haste.

65Since 2,076 dwellings with six persons each comes to 12,456, Franklin rounded the
product downward to “near 12,000.” It may be noted that, whereas in modern English near
or nearly indicates “almost” or “not quite,” i.e., rounding only upward, its eighteenth-century
sense indicated any rounding, upward or downward. This more flexible usage will be encoun-
tered in several instances in the texts discussed here.
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Massachusetts Bay Colony

The computation for Massachusetts is more straightforward, since in
that province there had been partial censuses of “white Men of 16 Years
and upwards,” a demographic category widely used to assess numbers
of men able to bear arms and to be taxed. The “polls” for this group in
1735 and 1742 are provided (35,427 and 41,000 respectively), although
they are somewhat inconspicuous among the other unrelated material
of interest to Poor Richard’s agrarian readers, such as the numbers of
Negroes, horses, cattle, and sheep (fig. 2, par. 2). The accompanying
statement that this group had increased “in seven years 5,573, which is
near one sixth,” implies that its rate of increase may be applied to the
population as a whole.

The rationale for that seemingly unwarranted implication follows
in the next paragraph (fig. 2, par. 3), where it is pointed out that in the
earlier New Jersey figures the same adult male segment (“white males
above 16 years”) comprised “nearly one fourth part of the whole num-
ber of souls.” The critical feature of this proportion—unstated by Poor
Richard—was that it was consistent in both years (i.e., within one tenth
of 1 percent),®® and therefore could be relied upon as a stable ratio for
prediction. Thus, despite the absence of a total population count for
Massachusetts Bay, the stability of the proportion of adult males meant
that “if the same proportion holds in the [sic] Massachusetts, they
should have had in that province, in 1742, about 164,000 souls,” i.e.,
four times 41,000. This then yields a total population datum adaptable
to computation of a doubling period. Similarly, since the same popula-
tion segment was provided for 1735, the same multiplier could be used
for that year as well, providing the two requisite population points.
Thus, as shown in table 1, row 3, the doubling period for Massachu-
setts Bay Colony solves to 33.2 years.

It is unlikely that Franklin discovered this regularity himself. He
could have taken his lead from Edmund Halley, who, in the Breslau
study (reviewed by Franklin in the August 1731 Pennsylvania Gazette,
and again in the Poor Richard article) showed that the distribution of
adult males in a given population remained stable at “somewhat more
than a quarter of the Number of Souls,” and suggested that it could
“pass for a Rule for all other Places”—a suggestion obviously not lost
on Franklin.¢”

6626.8 percent in 1738 and 26.7 percent in 1745.
¢7Halley, “Breslau Study,” 601.
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West Jersey Province

In 1753, when Franklin was compiling the next year’s Poor Richard
Improved, he appears to have been less hurried; for the 1754 demogra-
phy entry, reporting population data from the province of West Jersey,
reads so easily and logically that it is self-explanatory (fig. 3). What is
noteworthy in the 1754 entry is that it includes the longest time span of
population data for any of Poor Richard’s entries thus far (forty-six
years, 1699 to 1745), thereby increasing its reliability. To compute an
indirect estimate of total population for P1, Franklin again uses the six
persons per household multiplier; but this time he does so explicitly: “If
we suppose six Souls for each Freeholder.”¢® For the P2 figure, he has
the convenience of a direct census, and the resulting doubling period
solves to 17.2 years (table 1, row 4).

Boston

Although data for Boston (fig. 2, par. 4) provided figures for only one
year, 1742 (thus precluding computation of a doubling period), it did
permit an estimation of the city population, where Poor Richard, by no
coincidence, enjoyed a considerable following. In this case Franklin had
only burial records to work with, and thus used the mortality rate of
one in thirty-five, applied to 515 burials for that year, to arrive at a
rounded estimate of “nearly 18,000 inhabitants” (table 1, row §).%°
Bostonians would welcome the proof that theirs was the largest city in
New England as an expected bit of almanac intelligence.

Aggregate Doubling Period

Although the Poor Richard pieces lead to varied results from widely
disparate locales, it is evident throughout the material discussed here

68 This method of estimation was one of the oldest in use by political arithmeticians, hav-
ing been introduced by Graunt himself at the birth of the new science in the mid-seventeenth
century. Arithmeticians appear to have adjusted their multipliers for “souls per household,”
varying from six to eight depending upon many factors, which were often simply unstated.
While Graunt initially used eight as a household multiplier (“the man and his wife, three
children, and three servants or lodgers”), Petty more commonly used six, but on occasion
used eight. Though the obvious variability of these numbers admits much room for error, the
surprising accuracy of the results so often obtained also suggests that considerable reasonable
judgment was used by the estimators.

®Though it is conceivable that, using the population of 1742 as a P2 data point, one
might attempt to derive P1 from Franklin’s earlier burial records of Boston printed in the
1731 Philadelphia Gazette (mentioned above), such an attempt is invalidated by the marked
distortion of burial rates due to three epidemics of smallpox and measles, as noted by Frank-
lin in his footnotes to the table.
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that Franklin commonly applied a political arithmetician’s overview by
treating them “at a medium” or “taken one with another” (see n. 25). A
year later, when assembling his Observations concerning the Increase
of Mankind with intent to influence policy, Franklin likewise would
have good reason to speak of the colonies collectively, as he supposed
the policy makers in Parliament also did. Accordingly (as shown in ta-
ble 1), an arithmetical mean, taking the four doubling periods discussed
above “one with another,” solves to 24.5 years—almost precisely that
which Franklin advanced in his Observations concerning the Increase
of Mankind. Thus can be posited a feasible explanation of existent nu-
meric sources for Franklin’s reckoning of a twenty-five-year doubling
period for the American colonies, a figure demonstrably neither “ex-
travagant” nor an “assumption.”

It would surely be a stretch to think that Franklin performed these
computations in precisely the manner here described. But it is certainly
possible, if not probable, that he worked out these doubling periods at
various times, by various methods; that as he worked, he continually
scrutinized and recalculated their mean; and that more than likely he
possessed additional data about them to augment his accuracy, data
that were not made available to Poor Richard.

NEw WORLD vs. OLD WORLD GROWTH

Having laid out his evidence, Franklin turned in his concluding para-
graphs to the subject of doubling (fig. 2, par. 6). To his readers, it was
clear by this point that the article’s focus was on the relative rapidity of
growth in the colonies, but readers needed some comparative scale by
which they could gauge population growth. For that purpose, Franklin
provided two contrasting doubling periods, one short, one long. “It has
been computed in England,” the discussion begins, “that the Colonies
on the Continent, taken one with another, double the Number of their
Inhabitants every thirty Years.”’® For a long comparator, Franklin re-
turned to Halley’s figures for Breslau, which over a five-year period, in
a population of 34,000, provided an average yearly increase of only
sixty-four persons—an obviously slow rate at even a casual glance.”! A

70Tt is impossible to know whether, when Franklin wrote this, he had yet arrived at his
doubling period of twenty-five years. He appears here to be accepting the English estimate of
thirty years. But he may have been using it only to be able to show later that the colonial
growth rate was even faster than suspected.

71Poor Richard let pass a substantial misprint in the text of this paragraph, citing Halley’s
figures as “taken for 30 years together” instead of five years, as in Halley’s original data (note
that the number of years between two population counts is a critical term in computation of
their doubling period; see table 1). Halley’s original, as well as Franklin’s review of it in the
1731 Gagette, reads, “[I|n the five years mentioned, viz. from [16]87 to [16]91 inclusive,
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touch of colonial swagger is detectable in Poor Richard’s tone as he
challenges his readers once again: “Let the expert Calculator say how
long it will be before, by an Increase of 64 per Annum, 34,000 People
will double themselves?” Franklin—who would never have posed the
question without first computing its answer—knew that the doubling
period for Breslau solves to “near” three and a half centuries.”> More-
over, he was probably well aware that some of his not-so-expert calcu-
lators would take the straightforward (but misleading) approach of
simply dividing sixty-four into 34,000, which yields an inflated dou-
bling period of well over half a millennium, further heightening the in-
tended contrast.
In the final paragraph (fig. 2), Franklin offered his conclusion:

I believe People increase faster by Generation in these Colonies, where
all can have full Employ, and there is Room and Business for Millions
yet unborn. For in old settled Countries, as England for instance, as
soon as the Number of People is as great as can be supported by all
the Tillage, Manufactures, Trade and Offices of the Country, the Over-
plus must quit the Country, or they will perish by Poverty, Diseases,
and want of Necessaries. Marriage too, is discouraged, many declin-
ing it, till they can see how they shall be able to maintain a Family.

In the development of these thoughts, the vigorous growth rates of
the colonies played a defining role, supporting the notion of enhanced
fecundity in the New World. Franklin was clearly optimistic about his
conclusions—and understandably so. But it is unlikely that he foresaw
the larger purpose they would soon serve, and, ultimately, the extent of
their influence.

CONCLUSION

From a modern perspective, it is difficult to believe that imprecise ap-
proximations of the kind reflected in the Poor Richard demographic
pieces could yield practicable results. Indeed, it is cogently pointed out
by D. V. Glass that the eighteenth-century population-depopulation de-
bates discussed above were largely a consequence of “the inadequacy

there were born 6193 persons, and buried 5869; that is born per annum 1238, and buried
1174; whence an encrease of the people may be argued of 64 per annum” (Halley, “Breslau
Study,” 598). As this was more likely a manuscript slip than a typesetter’s error, it reflects yet
another instance of Franklin’s haste in its preparation, perhaps carrying over, as he wrote, the
number “thirty years” from the first line of the same paragraph.

72The result has been rounded—downward, eighteenth-century style—because it varies
slightly with the assumptions, i.e., whether the 34,000 population is assigned to P1 or to P2,
solving to either 365.4 years or 362 years, respectively, an insignificant difference.
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of contemporary population statistics.””3 Historians of demography
have noted not only that the methods of population estimation used by
early political arithmeticians were fraught with questionable assump-
tions, but also that its practitioners were often misled into supposing
that the numeric precision of their calculations assured inevitably accu-
rate results. Charles Hull, an editor and analyst of the works of Graunt
and Petty, observed of Sir William Petty, that “in the ardour of argu-
ment he was himself more than once misled into fancying his conclu-
sions were accurate because their form was definite.””# The historian
Harald Westergaard noted of Petty’s contemporary Charles Davenant
that he was “unable to control his estimates, to find the limits within
which the numbers are probably lying; nor do we learn in detail how
the estimates are made, and how the results can be anything but a
very rough guess.””> Moreover, such critiques are not limited solely to
modern retrospection. A prominent contemporary statistician, Thomas
Short, cautioned in 1750 that “the uncertainty of those computers,
or random guessers, who have reckoned from 7 to 12 souls each fam-
ily, one with another, may occasion several mistakes (not to say
mischief).”7¢

But these difficulties notwithstanding, the purpose here is descrip-
tive, not evaluative. Consequently, several obvious questions and criti-
cisms of the methods discussed here remain unaddressed. The sole in-
tent has been to discover and describe a pathway, if one existed, by
which Franklin might have reached his conclusions, irrespective of
modern judgment about inherent weaknesses. In fine, in the case of the
Poor Richard demographies the results ably speak for themselves. The
historical record clearly shows that the comparatively rough-hewn
methods of eighteenth-century political arithmetic, together with the
canny judgment of its philomath-cum-statistician, resulted in astonish-
ingly accurate estimates of the burgeoning growth rate of the American
colonies.

With the passage of the Iron Act in June 1750, and as colonial indigna-
tion about it grew, Franklin, then at a high point of civic involvement,
the printer-journalist who had enjoyed persuasion with numbers since
his teen years, was prepared with some ready facts. Poor Richard Im-
proved for 1750 was in active circulation, and perhaps, as suggested

73 Glass, “Population Controversy,” 71.
74Hull, Petty and Graunt, 1:1xviii.
7SWestergaard, History of Statistics, 41.
76 Short, New Observations, 134.
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above, Archibald Kennedy’s application of Poor Richard’s material in a
similar political-economic pamphlet had caught Franklin’s interest. The
ideas—as well as some of the very phraseology—that underlay Poor
Richard’s articles, together with the doubling periods that supported
their reasoning, became the core of the wider-ranging and more pol-
ished Observations concerning the Increase of Mankind.””

Although Franklin’s papers reveal little of how or when he decided
to write his Observations, it is indeed clear that in 1751, when the co-
lonial reaction to the 1750 Iron Act was heating up, he had already de-
veloped a philosophy of population growth, and had devoted much
thought and calculation to the numbers relating to how the “increase
of the people” was proceeding in the American colonies. To one with
Franklin’s inclination for numeric argument, such material put to good
use in a thoughtful piece of demographic philosophy might have per-
suasive effect in higher places—a form of persuasion much to his lik-
ing. The material was intellectually ready; all that remained was to get
it onto paper. The rest is history.

ACKNOWLEDGMENTS

I owe special thanks to Lisa Kogen, who lent encouragement at an early and
uncertain phase of the first draft, and also provided invaluable editorial refine-
ments. I am also grateful to Professor Sharon Salinger, whose constructive
comments led to revisions that clarified the historical context of the scientific
and philosophical ideas discussed in the paper.

77Derivative components are identifiable particularly in articles 1-4, 6, 14, and 22 of the
essay. PBF 4:225-34.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramondPro-Semibold
    /AGaramondPro-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CaflischScriptPro-Bold
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HelveticaRoundedLTStd-BdCnO
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MeridienLTStd-Bold
    /MeridienLTStd-BoldItalic
    /MeridienLTStd-Italic
    /MeridienLTStd-Medium
    /MeridienLTStd-MediumItalic
    /MeridienLTStd-Roman
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackCond
    /MyriadPro-BlackCondIt
    /MyriadPro-BlackIt
    /MyriadPro-BlackSemiCn
    /MyriadPro-BlackSemiCnIt
    /MyriadPro-BlackSemiExt
    /MyriadPro-BlackSemiExtIt
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-BoldSemiCn
    /MyriadPro-BoldSemiCnIt
    /MyriadPro-BoldSemiExt
    /MyriadPro-BoldSemiExtIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightCond
    /MyriadPro-LightCondIt
    /MyriadPro-LightIt
    /MyriadPro-LightSemiCn
    /MyriadPro-LightSemiCnIt
    /MyriadPro-LightSemiExt
    /MyriadPro-LightSemiExtIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldCondIt
    /MyriadPro-SemiboldIt
    /MyriadPro-SemiboldSemiCn
    /MyriadPro-SemiboldSemiCnIt
    /MyriadPro-SemiboldSemiExt
    /MyriadPro-SemiboldSemiExtIt
    /MyriadPro-SemiCn
    /MyriadPro-SemiCnIt
    /MyriadPro-SemiExt
    /MyriadPro-SemiExtIt
    /MyriadStd-Sketch
    /MyriadStd-Tilt
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /Sylfaen
    /SymbolMT
    /SymbolStd
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [504.000 720.000]
>> setpagedevice


