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Biblical Longevities:
Empirical Data or
Fabricated Numbers?

Walter Makous

Whether the biblical longevities have biological or cultural significance depends on
whether they represent actual longevities or are fabricated. As the properties of
fabricated numbers differ from those of natural phenomena, this paper examines these
properties, particularly in light of those differences. The results show (1) an exponential
decline toward contemporary longevities, following approximate constancy at nearly
1,000 years; (2) a Gaussian distribution of deviations from this relationship; (3) no
reliable deviations from statistical independence; (4) reliable differences from the
properties of fabricated numbers, and instead adherence to Benford’s law; and
(5) rounding. Results 1 and 4 are difficult to reconcile with fabrication. Result 5
accounts for the inability to reconcile biblical chronologies exactly. Historical records
and archeological data appear to conflict with such longevities, but their quality
and quantity are insufficient to completely exclude them, perhaps during a brief period
in a small subpopulation.
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when their first sons were born, how
long they lived afterwards, the ages at
which the reigns of kings and judges
began, how long they reigned, and at
what ages they died. To understand the
significance of these numbers, one must
know their source. It is possible that they
represent just what they purport to rep-
resent: natural data on actual ages and
longevities; or else they may be artificial,
made up to serve a presently unknown
purpose. If the numbers are natural, they

The Hebrew Scriptures are replete  these alternatives is more likely to be

Numbers have properties not shared
by other symbols, such as words, and
the properties of numbers that represent
natural phenomena tend to differ from
those of fabricated numbers. For exam-
ple, numbers derived from natural phe-
nomena follow Benford’s law (described
below),? they represent systematic pro-
cesses perturbed by random error, these
perturbations tend to be mutually inde-
pendent,® and the distribution of these
numbers about their mean values tends
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to be Gaussian. The properties of artificial numbers
depend on the purposes, knowledge, and skill of
those who generate them. However, certain proper-
ties are rare in artificial numbers. For example, artifi-
cial numbers do not have the properties of
randomness unless those generating the numbers
(1) understand randomness, (2) desire to make the
numbers appear to be random, and (3) benefit either
from extensive training* or the use of mechanical
aids like dice. The following analysis begins with
a description of the properties of the numbers and
then goes into a discussion of what this tells us about
their origin, whether natural or artificial.

Methods and Results

The Data

Method

To find longevities, the entire contents of the NIV
were searched electronically (at www.biblegateway.
com) for the following words: died, slept, rested, years,
old, and age. In addition, the books, Genesis through
2 Chronicles, were scanned visually for relevant
references.

This analysis is based only on the ages of the
forty-one males said to have died of natural causes.
For example, the NIV uses the word died with refer-
ence to all those whose ages are given in Genesis
except Enoch, who instead “... was no more, because
God took him away” (Gen. 5:24, NIV). His age at that
time is 12 standard deviations shorter than the lon-
gevities of the rest of the first ten named and by any
criterion qualifies as an outlier; therefore, although
it is plotted in figure 1, it was not used for the com-
putations. The analysis also excludes those who
were killed or died in battle, and Ahaziah, who died
from a fall (2 Kings 1:2-17). The analysis includes
deaths from illness, even when said to be imposed by
God, as in the cases of Jehoram (2 Chron. 21:18) and
Uzziah (2 Kings 15:5-7; 2 Chron. 26:20-3). A supple-
mentary table containing a list of the judges and
kings, their ages at the beginning of their reigns,
the duration of their reigns, and the causes of their
deaths, is available from the author on request.

Genesis typically gives the ages from the patriar-
chal era either as the age at death or as two numbers:
the age at which a man had his first son, and the
number of years he survived after that. Samuel,
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Kings, and Chronicles typically give the ages at
which a man’s reign began and the number of years
from then until his death. The analysis excludes
those whose ages, when they were deposed, are
given, but whose deaths were not clearly at the same
time (Jehoahaz of Judah [Shallum], Jehoiakim,
Jehoiachin, and Zedekiah).

Results

These resulting ages are listed in table 1 (p.119);
those stated directly in the text are in bold print,
and those inferred by addition or subtraction are in
plain print.

Systematic Properties: Ordinal

Method

Assigning dates to the events listed in table 1 is prob-
lematic, and even establishing the dates of the reigns
of the kings and judges is complicated by ambiguities
and mutual contradictions in the text and by the fact
that the list is not exhaustive.> None of the attempts
to derive a chronology of these events has been
completely successful (reviewed by Galil).® Thiele’s
chronology reconciles all the data on the reigns of
the kings and judges,” but only by making implau-
sible and unconvincing assumptions. The most recent
attempt, by Galil,® accounts for only about 90% of
these data. However, the minimum assumption, on
which there is universal agreement, is that the list
is in temporal sequence. Therefore one can plot
longevity as a function of relative position in time,
as in figure 1 below.
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Figure 1. Longevities from different generations, arranged in
temporal sequence, from Adam to Manasseh. The points are from
table 1, and the curves are maximum likelihood fits of a horizontal
line and the exponential decay function specified in the text.
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Table 1. Longevities from the Hebrew Bible. “Before” is the age at the birth of the first son (for numbers 1-22) or the age
atwhichthe individual’s reign began (numbers 32—41). “After” is the additional number of years lived. “Total” is the total number
of years lived.

No. | Before After | Total | Source
Adam 1 130 800 930 | Gen. 5:3-5
Seth 2 105 807 912 | Gen. 5:6-8
Enos 3 90 815 905 | Gen. 5:9-11
Cainan 4 70 840 910 | Gen. 5:12-4
Mahalaleel 5 65 830 895 | Gen. 5:15-7
Jared 6 162 800 962 | Gen. 5:18-20
Enoch 7 65 300 365 | Gen.5:21-3
Methuselah 8 187 782 969 | Gen. 5:25-7
Lamech 9 182 595 777 | Gen. 5:28; 5:30-1
Noah 10 500 450 950 | Gen. 5:32; 7:6; 9:28-9
Shem 11 100 500 600 | Gen. 11:10-1
Arphaxad 12 35 403 438 | Gen. 11:12-3
Salah 13 30 403 433 | Gen. 11:14-5
Eber 14 34 430 464 | Gen. 11:16-7
Peleg 15 30 209 239 | Gen. 11:18-9
Reu 16 32 207 239 | Gen. 11:20-1
Serug 17 30 200 230 | Gen. 11:22-3
Nahor 18 29 119 148 | Gen. 11:24-5
Terah 19 70 135 205 | Gen. 11:26-32
Abram 20 86 89 175 | Gen. 16:16; 25:7
Ishmael 21 137 | Gen. 25:17
Isaac 22 60 120 180 | Gen. 25:26; 35:28
Jacob 23 147 | Gen. 47:28
Joseph 24 110 | Gen. 50:22,26
Levi 25 137 | Exod. 6:16
Kohath 26 133 | Exod. 6:18
Amram 27 137 | Exod. 6:20
Aaron 28 123 | Num. 33:39
Moses 29 120 | Deut. 34:7
Joshua 30 110 | Josh. 24:29; Judg. 2:8
Eli 31 98 | 1Sam. 4:15-18
David 32 37 33 70 | 2 Sam. 5:5; 1 Kings 2:11; 1 Chron. 29:27
Rehoboam 33 41 17 58 | 1 Kings 14:21-31; 2 Chron. 12:13,16
Jehoiada 34 130 | 2 Chron. 24:15
Jehoshaphat 35 35 25 60 | 1 Kings 22:42-50; 2 Chron. 20:31; 21:1
Jehorem 36 32 8 40 | 2 Kings 8:16—17; 2 Chron. 21:5, 20
Uzziah 37 16 52 68 | 2 Kings 14:21; 15:2; 2 Chron. 26:1, 3; 2 Chron. 26:21
Jotham 38 25 16 41 2 Kings 15:33; 2 Chron. 27:1, 8, 9
Ahaz 39 20 16 36 | 2 Kings 16:2; 2 Chron. 28:1, 27
Hezekiah 40 25 29 54 | 2 Kings 18:1, 2; 20:21; 2 Chron. 29:1; 32:33
Manasseh 41 12 55 67 | 2 Kings 21:1; 2 Chron. 33:1, 20
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Results and discussion

Even without knowing the time span between points,
one can draw three conclusions from these longevi-
ties: (1) they were approximately constant through
the 10" number (Noah) with a mean of 912 years;
(2) they decrease after the 10t number; and (3) the
decrease tends to be progressive (e.g., the Spearman
rank correlation coefficient = 0.9998, p < 0.01). These
conclusions hold regardless of how the numbers are
spaced on the x-axis (i.e., the amount of time between
the lives of the individuals listed, or how many gen-
erations intervene between samples).

Systematic Properties: Equal Interval

Method

One would hope to have some estimate of the time
between points in figure 1 (p. 118). There is little use-
ful information on the dates of the patriarchs before
Abraham; then one possible approach is to assume
that the time between the individuals listed does
not change systematically over time and use the chro-
nologies of Thiele and Galil to check the validity of
this assumption over the time span that they cover.
(No assumption need be made about the scale of the
x-axis, whether it spans 10,000 or 1,000,000 years, for
ex- ample.) Figure 2 below shows, for the time span
covered by these two chronologies, when each of
the reigns ended. It shows that, over this time span
at least, the assumption that the reigns are equally
spaced over time is a reasonable approximation, and
suggests that it may not be a bad assumption for the
entire curve. Using either of these chronologies for
the abscissae in figure 1 fails to improve the regular-
ity of the data or decrease the error variance.

Results and discussion

Use of the assumption that the time between the
individuals listed in table 1 (p. 119) does not change
systematically over time allows other conclusions.
First, it allows quantitative refinement of the conclu-
sions above: (1) there is no detectable trend before
Noah (r = 0.13, 7 df excluding Enoch, p = 0.75); and
(2) the numbers do decrease after Noah (r = 0.83,
29 df, p < 0.05).

Further, one can draw conclusions about the time-
course of the decrease. There are several plausible
ways to describe this time-course: (1) it might have
been abrupt, as if a tendency to exaggerate ages had
ended suddenly; (2) it might simply be linear; (3) it
might follow a complicated time-course that could
be described by a polynomial; (4) it might be a power
function, as reported previously;’ or (5) it might be
an exponential decay, also reported previously.!
Although this list is not exhaustive, it is a reasonable
sample of the leading candidate functions.

Table 2 below shows these functions, the order
of the polynomials, the residual squared errors, the
F ratio formed by dividing the residual for each
function by the residual for the exponential function
(explained below), and the probabilities correspond-
ing to the F ratios. The abrupt or discontinuous
decrease clearly does not the fit the data, by any crite-
rion. The linear decrease (first order) likewise is a
poor fit. The second order polynomial, which has
three degrees of freedom, the same number as the
power function and the exponential function, is a
significantly worse fit than either of those functions.
Although the third order polynomial fits as well as
the power function and the exponential function,
it is less preferred because it requires an added

6‘1000 Table 2. Candidate Functions and Their Goodness of Fit
3 800 \ Function Order r Residual F P
= e00 o g Discontinuous | 0 | 0.000 | 571693 |13.94 |<<0.0001
En Polynomial 1 0.832 175596 | 4.28 0.0001
g 400 x Thisie Polynomial 2 | 0927 | 80773 | 1.97 | 0.0391
o 200 —Linear (Thiele) Polynomial 3 0.960 44633 | 1.09 0.4105
uc.l 0 Polynomial 4 0.973 30996 | 0.76 0.7577
32 34 36 38 40 42 Polynomial 5 0.973 30959 | 0.76 0.7544
Ordinal sequence Polynomial 6 | 0973 30934 | 0.75 | 0.7648
Figure. 2. The ‘ends of the .reigns of the kipgs aqd jnges, Power 39348 | 0.96
2ﬁ$§r:g=rggi;<)s.Th|ele’s (black triangles) and Galil's (white circles) Exponential 40999
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degree of freedom. Adding more degrees of freedom
to form the higher order polynomials does not reli-
ably improve the fit. Although the power function,
y = 1068 x 0222 - 453, and the exponential function,
y =500 e*/35 + 71.7, fit approximately equally well,
the exponential function is preferred for two reasons.
First, it describes a relationship often observed
in natural science, from heat exchange curves in
thermodynamics to learning curves in psychology:
a change of external conditions produces changes
that follow an exponential time-course whenever the
rate of change of the system is proportional to the
distance to the final value.!’ Second, the best esti-
mate of the asymptotic longevity of the exponential
curve, 71.7 years, is consistent with contemporary
values, whereas the asymptote of the power function
is negative 453 years, a meaningless figure as a lon-
gevity.”> An exponential time-course for these lon-
gevities has been reported before,'® but the data in
these past reports are incomplete and not always
accurate.'

Consequently, an exponential decay function,
fit to the data by maximum likelihood, is used in
figure 1 (p. 118):

L =500 e-1/55 + 717,

where L is longevity, and v is ordinal sequence. The
break between the horizontal line and the exponential
curve was chosen between the 10! and the 11" points
because it minimized the total residual variance.
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Figure 3. Cumulative deviations as a function of the magnitude of
deviations. Deviations (also called errors) are the value of the data
minus the corresponding value of the function fitted to the data
in figure 1 (p. 118). In this figure, the height (ordinate) of a point
at any given deviation on the x-axis (the abscissa of that point)
is equal to the number of deviations of that size or less, i.e., the
number of points below that point, plus one. (See the section on
“Error Distribution.”)
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Thus, the exponential curve provides a reasonable
description of the data, using 3 degrees of freedom to
account for 93% of the variance of 31 data.

Error Distribution

It is worthwhile to check the form of the error distri-
bution, i.e. how the numbers in table 1 (p. 119) are
distributed about the theoretical curve in figure 1
(p. 118), for it may contain information on the pro-
cesses that produced them. Natural processes pro-
duce only certain kinds of error distributions, such as
Gaussian, log Gaussian, and Poisson distributions,
each of which is the signature of a different class of
process. Artificial numbers can have whatever error
distribution its creator chooses, and therefore obser-
vation of one of these will not discriminate between
natural and artificial origin. However, certain dis-
tributions, such as a bimodal distribution or those
with gaps or discontinuities, are not characteristic of
natural processes, and observation of any of these
distributions would be evidence against the natural-
ness of the numbers. Hence, the test below is war-
ranted to check for any such evidence.

Method

Errors are defined as the value of the data minus the
corresponding value of the function fitted to the data
in figure 1. The conventional way to form an error
distribution is to segment the continuum of error
values into discrete intervals, count the number of
errors within each interval, and present the counts
as a frequency histogram. The disadvantage of this
approach is that the shape of the distribution
depends on arbitrary choices of size and placement
of the intervals, especially when the data are sparse,
as they are here. The present analysis avoids these
disadvantages by working with cumulative errors.
That is, the deviations are arranged from lowest to
highest value and plotted left-to-right, each point one
unit higher than the preceding one.

Results and discussion

The resulting cumulative error distribution is shown
by the symbols in figure 3. The curve is a cumulative
Gaussian distribution fit to the data by maximum-
likelihood. The data do not differ reliably from the
theoretical curve (p = 0.49, according to linear inter-
polation of table 6 of Shapiro and Wilk; W = 0.971,
n =30);"> hence, the numbers are well described by
a Gaussian distribution. As discussed in the pre-
ceding section, this result is consistent with either
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a natural or artificial origin of the numbers and so
fails to reject either.

Distribution of Initial Digits

The human tendency to overuse certain digits and
underuse others produces another difference be-
tween natural and artificial numbers.’® For reasons
explained below, a particularly important difference
lies in the frequency with which different digits occur
as the first (most significant) digit in the numbers.

It seems almost self-evident to many (it did to me)
that each of the nine, nonzero digits would be
equally likely to occur as the first digit (or second
or third or any other digit) in natural numbers, pro-
ducing a uniform frequency distribution. It is the
assumption made by C. A. Hill in evaluating biblical
longevities, for example, and it survived peer review
of her paper.'” Therefore, one who is trying to mimic
natural data might well strive for such a uniform
distribution. However, as explained below, this is
a fallacy. In figure 4 below, one can compare the fre-
quencies of first digits of the biblical longevities in
table 1 (black bars, p. 119), with the frequencies of
the uniform distribution (indicated by the horizontal
line) required by the false assumption of equal prob-
ability. The first digits from table 1 deviate reliably
from a uniform distribution (X?> = 30.1, p < 0.0002,
df = 8). Therefore, either these numbers were not
made up, or else whoever made them up was more
sophisticated about such probabilities than the typi-
cal contemporary scientist.

However, T. P. Hill (not C. A. Hill) has shown that
humans attempting to produce random numbers do

30 mBible
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Figure 4. Frequency distribution of first digits from table 1 (black
bars, p. 119), compared with those of artificially generated num-
bers (gray bars) and those of a uniform distribution (horizontal
line).
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not tend to produce a uniform frequency distribu-
tion; rather, they favor certain numbers, and avoid
others.!® On the basis of the probabilities reported by
Hill, the frequencies they would be expected to pro-
duce here are shown in figure 4 (gray bars).

The biblical frequencies observed in table 1 devi-
ate reliably not only from a uniform distribution but
also from those observed by Hill (X?> =24.1, p = 0.002,
df = 8). Therefore, either these biblical longevities
were not made up, or else whoever made them up
was able to perform better than Hill’s students did.

However, contrary to intuition, the frequencies of
the first digits of naturally occurring numbers are
not uniformly distributed but follow Benford’s law;"
that is, the first digit is more likely to be a low num-
ber than a high number. For example, in natural
data, the probability that the first digitis a 1 is 0.301,
whereas the probability that it is a 9 is 0.046. The
numbers humans generate in the attempt to mimic
naturally occurring data deviate from Benford's
law.?? As a consequence of this property, Benford’s
law is used to detect fabrication of data.?! Hill's
data, for example, do deviate from Benford’s law
(X?=24, df = 8, p < 0.002).

However, when one compares the biblical longev-
ities of table 1 with Benford’s law (the black bars
versus the gray bars in figure 5 below), the longevi-
ties follow the predictions of Benford’s law without
significant deviation.” When the entire data set is
considered collectively, the deviations of the overall
distribution of the observed frequencies from those
of Benford’s law do not depart from those attribut-
able to chance (X>=10.61, p =0.23, df = 8). And when

Benford's law
30 1 mData
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Figure 5. Frequency distribution of first digits from table 1 (black
bars, p. 119), compared with Benford’s law (gray bars).

Perspectives on Science and Christian Faith



Walter Makous

the frequency of occurrence of each of the digits (1-9)
is considered specifically, they all fall within the
0.95 fiducial limits of the frequency predicted by
Benford’s law for that digit, as determined by the
z-statistic.?

Thus, the frequencies of first digits in table 1 differ
reliably from the best empirical estimate of the fre-
quencies used by those attempting to generate ran-
dom numbers, and they differ reliably from those of
a uniform distribution, which is almost universally
assumed to be characteristic of naturally occurring
numbers; however, they do conform to Benford’s
law, as natural numbers do.

Independence

One way in which artificial and natural numbers
differ is that artificial numbers lack several properties
of randomness that characterize natural numbers:
for example, even when trying to generate random
numbers, humans seldom use any given digit twice
in succession.* So, if one “makes up” the digits in
sequence from left to right, then one is less likely to
follow a 4 with another 4 than with another digit, and
so the number 44 is less likely than other numbers
in the 40s. As this form of independence is the most
consistent deviation from randomness exhibited by
humans,? it would seem to be a useful way to distin-
guish natural from artificial numbers here, but it
turns out that the data are too sparse for it to be
useful.

Specifically, there are six instances of identical
digits adjacent to one another (i.e., 33, 55, 119, 133,
and twice in 777) in the 63 bolded numbers of table 1
(p.- 119). (Numbers containing zeros were excluded
because when a zero was the least significant digit,
it could have been produced by rounding, as demon-
strated below, and a zero anywhere else in a two- or
three-digit number cannot be preceded by a zero.)
This is close to the expected frequency (6.45) for a set
of numbers that follow Benford’s law, as all natural
data do. However, to reliably detect such a bias
against repetition in a set of 63 numbers, the proba-
bility of a repetition would have to be about 0.03
instead of 0.102. As there are no good estimates
of this probability, one can only say that this test
reveals no evidence of such a bias, but that these
data do not allow a powerful test.

Another related form of independence is inde-
pendence of the magnitude of an error on the magni-
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tudes of the preceding errors. It may be, for example,
that a human making up numbers would add vari-
able errors to some theoretical value, and if humans
have a tendency to alternate magnitudes,® then a
large error is more likely to be followed by a smaller
error than by another large error. This would show
up in autocorrelograms or power spectra. However,
owing to problems with autocorrelograms or power
spectra,? this form of independence was also exam-
ined here by plotting the value of each error against
the value of the preceding error. The autocorrelo-
gram and power spectrum showed no reliable regu-
larities, nor did the plot just described show any
relationship between successive errors. However,
again, the sparsity of the data limits the power of
the tests; thus, although there is no evidence of char-
acteristically human deviation from independence,
the test is too insensitive to warrant any conclusions.

Rounding

Although there is no evidence that these numbers
are artificial, they clearly have been rounded. After
excluding those numbers from table 1 that have been
inferred by addition or subtraction, ten of the 32
remaining two-digit numbers have 0 as the last (least
significant) digit; and 17 of the 38 remaining three-
digit numbers have 0 as the last digit. Both frequen-
cies are significantly higher (X2 = 9.88, p = 0.0017,
1 df; and X? = 44.6, p = 271, 1 df; respectively) than
those in a Benford distribution (four expected zeros
in both cases, corresponding to probabilities of 0.120
and 0.102, respectively). Although rounding adds to
the error variance, its contribution to the total error
variance is less than one-tenth of one percent; there-
fore, its effect on the data in figure 1 (p.118) is
negligible.

Galil argues that one cannot assume “that the data
in the Bible regarding the years of reign were
rounded off ...”? However, the analysis here clearly
shows that some numbers have been rounded,
although one cannot say with confidence that any
specific number has been rounded.

To round numbers, of course, is neither mislead-
ing nor suspicious. However, such rounding does
prevent one from reconciling all the data on biblical
chronologies exactly, as Thiele would do;? and it
invalidates the computation of probabilities based
on the assumption that the final digits of these
numbers are random.*
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General Discussion

This is the first general examination of the numerical
properties of the longevities recorded in the Hebrew
Bible. It confirms previous descriptions of the general
shape of the transition from antediluvian to contem-
porary longevities, but it also refines and corrects
errors in those descriptions. It shows that the devia-
tions from this systematic, temporal trend form
a Gaussian distribution. Neither the magnitudes of
these deviations nor the sequence of digits in the
numbers representing longevities show detectible
departures from stochastic independence. The lon-
gevities also have been rounded. Finally, and most
important, the properties of the numbers represent-
ing longevities differ reliably from those characteris-
tic of the two most likely forms of fabrication, and the
numbers conform to Benford’s law.

However, the main purpose of the analysis was
to shed light on the origin of these numbers. Either
these numbers represent natural phenomena, or at
least some of them are fabricated. As one cannot
prove the null hypothesis, one can prove one
hypothesis only by disproving its alternative (or all
the alternatives, if there be more than one). Here we
use the differences between the properties of natural
and fabricated numbers to evaluate these two
alternatives.

Natural Origin

Specifically, numbers derived from natural phenom-
ena follow Benford’s law,3! they represent systematic
processes perturbed by random error, these pertur-
bations tend to be mutually independent,®> and the
numbers tend to be normally distributed about
their mean values. If biblical longevities lack any of
these properties, they cannot be true, and at least
some must be fabricated. All efforts to show that
the numbers lack the properties of natural numbers
failed; therefore, one cannot reject the hypothesis that
the numbers have a natural origin. This, of course,
does not prove a natural origin; it simply fails to dis-
prove it.

Arguments against Natural Origin

It seems surprising that natural origin is so difficult
to disprove, since it seems so improbable. But why
does it seem improbable? It is worthwhile to review
here the reasons.
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1. Inconsistency with contemporary longevities. The
main reason that these longevities seem implausible
is that they are inconsistent with contemporary
human longevities: the longest documented life so
far is 122 years and 164 days.*® Moreover, there is
a consensus that even under optimal living condi-
tions, and with all fatal diseases cured, life expec-
tancy at birth is not likely to exceed about 90 years.*
However, the assumption that conditions that limit
longevity were the same in antediluvian times as
they are now is not necessarily true. The principal
process that limits longevity in humans is aging,®
and the fact that some animals show no evidence of
aging (i.e., show negligible senescence),*® means that
aging is not necessarily a universal and immutable
characteristic of living organisms, necessarily appli-
cable to all humans under all conditions. The possi-
bility of such longevities is supported by de Grey’s
argument that human life expectancy can, even
now, be extended to a thousand years, although the
strength of his argument is mitigated by its depend-
ence on technologies that are only now being devel-
oped or have yet to be developed.” In any case, the
argument against these biblical longevities on the
basis of contemporary experience is not conclusive.

2. Dearth of corroborating records. Another reason
why these longevities are implausible is that the
more reliable surviving texts tell of longevities that
are consistent with, or shorter than, contemporary
data.’® However, the records considered reliable do
not extend back far enough in time to be relevant
here. Many of those records that do go back far
enough lend support to the biblical longevities but
are considered unreliable. In some cases, such as
that of the Weld-Blundell prism,* the argument
may be circular, for the main reason that they are
considered unreliable is that they tell of unbelievably
long lives. Josephus says, “All who have written
antiquities ... relate that the ancients lived a thou-
sand years,” and he lists eleven specific authors as
examples.®” But Josephus’s accuracy, particularly
with respect to numbers, has been widely challenged
on other grounds.*! This epitomizes the dilemma
here, for, unreliable as Josephus may be, he may be
“more reliable than most historians of his day.”*
The historical record, then, is of little help in resolv-
ing this issue.

3. Absence of supporting archeological evidence. The
absence of archeological evidence of skeletal remains
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of extremely aged individuals may seem to be the
strongest evidence against their existence, but here
other problems arise. The first lies in the limitations
of the methods. According to Acsadi and Nemeskéri,

The methods of age determination generally em-
ployed in historical anthropology include ... the
closure of cranial sutures, abrasion of teeth, and
regressive signs in the external morphology of
skeletal bones at young adult, middle adult and
old adult ages ... [J]ustifiable doubts may arise
on the accuracy of age determination based on
the closure of cranial sutures and on the so-called
classical anthropological methods in general
(and) ... in historical anthropology usually only
the basic distinction between child, juvenile or
adult is made.®

One can see from their table 30 that closure of the cra-
nial sutures approaches an asymptote in middle age,
and the variability is so great that one cannot reliably
discriminate a 30-year-old from the oldest specimens
examined. As for abrasion of the teeth, they state,

The abrasion of teeth at adult age ... depends pri-
marily on living conditions ... Stomatologists have
shown that the degree of abrasion is more often
indicative of the individual’s way of eating than
of the period of time during which the teeth have
been used.*

A second problem follows from excavators’ practice
of culling the skeletal evidence, discarding all but
the best skeletons.* The skeletons of the very old,
lacking teeth, for example, may be excluded from the
sample; an individual who has lived for a millennium
may not have many surviving teeth.

Third, there are no data from the relevant time
and place. As Finch has pointed out,

We cannot know the actual trajectory of change

(in human life spans), which could have included

fluctuations with decreases, as well as increases,

in life span during these several hundred thousand

generations of Darwinian selection.46

To exclude the biblical account, one must exclude
the possibility that there was a time, perhaps brief
in historical perspective, in which a particular sub-
population, including but not necessarily limited to
the Hebrews, enjoyed extraordinarily long life. The
most nearly relevant data are from Anatolia*” and
Jericho,* but both populations differ from the long-
lived Hebrews of the Bible, who lived in Mesopo-
tamia.*
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Finally, use of skeletal evidence of aging begs
the question. As Acsadi and Nemeskéri point out,
archeologists can measure only biological age, not
chronological age.”® Longevities of several centuries
could have been achieved only if biological aging
were somehow retarded.

Thus, while these objections carry considerable
weight, none of them conclusively confutes the
possibility that the reports of the biblical longevities
are true.

Possible Explanations Consistent with

Natural Origin

Several efforts have been made to preserve the valid-
ity of these numbers without accepting implausible
longevities.

1. Changes in the ways of expressing or measuring
time. For example, attempts have been made to
account for biblical longevities by changes in the
way of expressing or measuring time.”! However,
no such scheme can work. To be conservative, sup-
pose that the biblical life span of 969 biblical years
(Methusaleh) were actually equal in time to the
contemporary life span of 122 contemporary years.>
Then a biblical year would have to be 122/969 =
0.126 contemporary years. If so, Saleh, Peleg, and
Serug would each have to have been less then
4 years old (30 x 0.126 = 3.8) when their first sons
were born, and Mahalaleel and Enoch would have
to have been about 8 (65 x 0.126 = 8.2) when their
first sons were born. These consequences of this
hypothesis are at least as implausible as a 969-year
life span.

2. Dynasties, not individuals. Others have sug-
gested that the ages refer not to individuals but
to “an individual and his direct line by primogeni-
ture.”® For example, Adam and his direct line are
supposed to have held sway for 930 years, after
which Seth and his family assumed control for the
next 912 years. Archer points out, however, that as
Seth was the oldest surviving son of Adam aside
from exiled Cain, there was no other son to carry
on Adam’s line until Seth’s line took over.>* Borland
lists some eight problems with such dynastic theo-
ries that render them untenable.”® Moreover, there
are not enough plausible gaps between the individu-
als listed to account for the required lapsed time,
and there are too many instances of coexistence
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of individuals that, according to this explanation,
would have to have been successive dynasties.>®

3. Physical explanations. Yet other attempts have
been made to make these longevities plausible by
offering physical explanations. There may once have
been a set of conditions that fostered great longevity
in humans. If so, figure 1 (p. 118) suggests that these
conditions changed abruptly at about the time of
Noah to bring longevities progressively closer to
contemporary values. The question is, then, what
changed? Unfortunately, it is hard to say.

One suggestion is that a protective canopy pro-
tected antediluvian humans from harmful radia-
tion.”” A gradual decay of the canopy could explain
the gradual shortening of the duration of life.
However, this is entirely speculative and adds
nothing to the description of the phenomenon except
the idea that radiation is what limits contemporary
longevities.

Ross has suggested that “higher telomerase
activity in concert with other slight biochemical
adjustments, combined with a just-right diet (low
calorie, low oxidant, high antioxidant) and the
avoidance of (radioactive) igneous rocks ...” may
help explain the long lives of the first humans,
and that irradiation of Earth by the remnants
of a recent supernova may explain the subsequent
shortening of life.®® The Monogem supernova may
be a possible candidate, remnants of which even
now account for some 60% of the cosmic irradiation
of Earth at the “knee” of the cosmic ray spectrum,
but its timing, 86,000 years ago, is problematical.”® In
any case, this hypothesis leaves much unexplained.
Astronomical explanations such as this and the one
in the preceding paragraph are inconsistent with
the possibility that these extraordinary longevities
occurred only in a small subpopulation of humans.

As mentioned above, aging constitutes the princi-
pal limitation on longevity; hence, a difference in the
genes controlling aging seems a necessary condition
for extreme longevity.® Although the principle of
extending life by manipulation of genes has been
demonstrated, retardation of the aging of humans
by gene manipulation has yet to be demonstrated,
and such effects as have been observed in animals
so far are modest compared to the requirements
here. What might have caused such genes to change
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also remains unknown. Nevertheless, the limits on
the magnitude of such effects are unknown, and so
the possibility that changes in genes account for the
putative changes in longevities remains open.

Artificial Origin

The properties of artificial or fabricated numbers
depend on the conditions and purposes of fabrica-
tion, and therefore one cannot disprove fabrication
in general but only specific forms of fabrication.
The first possibility to consider is that the author
or authors of the numbers deliberately intended to
mimic natural data, and here there are three levels
of sophistication with which the task might have
been approached.

Deliberate Mimicry

1. Naive mimicry. Mathematically naive humans try-
ing to mimic natural data show specific preferences
for the first digits of numbers.®! The present analysis
shows that the biblical longevities do not follow
those preferences; therefore, it is unlikely that these
longevities resulted from a mathematically naive
effort to mimic natural data.

2. Sophomoric mimicry. A more sophisticated yet
fallacious approach to fabrication is based on the
false assumption that in natural data all digits are
equally probable. Actually, as described above,
these probabilities follow Benford’s law. However,
biblical longevities do not follow the assumption of
equal probability either (and do follow Benford’s
law), and therefore it is unlikely that these longevi-
ties arose from this more sophisticated attempt to
mimic real data.

3. Sophisticated mimicry. The most sophisticated
form of fabrication would be to mimic Benford’s law.
However, one can exclude that possibility because
there is no known way to mimic Benford’s law
without knowing about it, and what has come to
be called Benford’s law was not discovered until
1881, by Newcomb,®? millennia after these longevi-
ties were recorded.

It follows, then, that one can exclude all three
forms of intentional mimicry of natural data.
However, one cannot entirely exclude the possibility
that other, unknown forms of intentional mimicry
might exist.
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Time-Course of the Changes

The gradualness of the progression of longevities
from antediluvian to contemporary values is entirely
consistent with natural processes, but it does impose
stringent constraints on hypotheses based on fabri-
cation. The nature of the constraints depends on
whether a single individual fabricated all the longev-
ities, whether different individuals independently
fabricated each of the longevities, or whether some
combination of the two is responsible for them.

1. A single author. If a single individual fabricated
all the longevities, that individual would be subject
to biased numerical preferences, such as those docu-
mented by T. P. Hill, as discussed above. However,
that individual’s biases may not necessarily be the
same as those of the contemporary college students
used in Hill’s study, and, without knowing that
individual’s biases, one cannot entirely exclude the
possibility that a single individual fabricated these
longevities.

However, this hypothesis does require the fabri-
cator to have a particular function in mind to mimic
and to have a motive for mimicking it. According
to a consensus among historians of mathematics,®
exponential and related functions were not sug-
gested until the fourteenth century, and therefore
the fabricator could hardly have had it in mind while
fabricating the numbers. However, this conclusion
is vitiated by the existence of cuneiform tablets
from Mesopotamia containing tables of exponential
series,® including those entailing the use of frac-
tional exponents,® the consensus of mathematical
historians notwithstanding. These, along with the
reciprocal numbers also found among the tabulated
numbers, theoretically could have been used to
generate an exponential function such as that in
figure 1 (p. 118). These mathematical advances ap-
pear to have been made at about 1800 BCE,® after the
time of Abraham® and after most of this exponential
decay had occurred, but possibly before the numbers
were generated.

The most likely motivation for attempting to
mimic such a function is to make them appear real,
an act of deliberate deception that conflicts with the
view many have of the Bible and the motives of
its authors. Thus, the time-course of the change in
longevities does not allow one to exclude a single
fabricator, but it does place heavy demands on such
a fabricator.
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2. Multiple independent authors. Different individu-
als independently fabricating different longevities
could not, of course, intentionally mimic any partic-
ular decay function. There is no known mechanism
by which numbers generated by different individu-
als could produce an exponential-like function.

3. A combination of these two possibilities. That is,
different individuals could have fabricated the
numbers, but some could have fabricated more than
a single number. This possibility is subject to both
of the above sets of constraints to a varying extent,
depending on the particular combination.

Thus, the time-course of the change poses sub-
stantial challenges for any hypothesis based on
fabrication, but it does not entirely exclude it.

Fabrication without the
Intention to Mislead

Even if the numbers were not deliberately fabricated,
one must consider the possibility that some process
other than true longevities might have given these
numbers these properties. Among such proposals is
the idea that the numbers were not meant to convey
quantitative information but were instead intended
to have cultural significance. For example, large num-
bers may have conferred honor on the individuals
with whom they were associated, or the numbers
might have had numerological rather than numerical
significance.

Such hypotheses are hard to evaluate without a
specific interpretation of the meaning of the num-
bers, although the systematic properties evident in
figure 1 are not consistent with a set of numbers
completely devoid of numerical significance. The
most specific and best supported hypothesis in this
category is the idea that the Mesopotamians pre-
ferred the numbers 60 and 7, considering them
sacred, for example.®® Such numbers are artificial,
then, instead of representing natural data, but they
do not represent an effort to fake or mimic natural
data.

In general, such numerological arguments are
unconvincing. To show why, take a specific example
cited by C. A. Hill, the most rigorous proponent of
a numerological interpretation of these ages. She
points out that each of the ages in Genesis from
before the flood is equal to the sum of a multiple of
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5 years (60 months) and a multiple of 7 years, and
she attributes this to the special significance of these
numbers for Mesopotamians. However, numerologi-
cal arguments are hard to evaluate without consider-
ing the relevant probabilities. In this case, the fact
that all these ages are the sum of multiples of 5 and 7
is irrelevant, since this is true of all numbers from
24 to 1000. For example, 24 =2x5+2x7;25=5x5;
26 =5+3x7;27=4x5 +7; and similarly up to and
beyond 999 = 5 x 197 + 2 x 7.% In other words, no
matter what the ages, they would nevertheless all
be equal to the sum of a multiple of 5 and a multiple
of 7. The numbers 5 and 7 are not unique in this
respect: for example, all the numbers above 20 are
equal to the sum of multiples of 3 and 11. Possibly
any pair of prime numbers has analogous properties.

The present example notwithstanding, Hill did
significantly advance the rigor of this line of argu-
ment by actually comparing the probabilities of
occurrence of the numbers representing the ages
of the patriarchs to their frequency of occurrence.”
For example, she analyzed the 60 numbers describ-
ing, for each of the first twenty patriarchs, his age
when his first son was born, his remaining years of
life, and his total years. She states that none of these
numbers ends in 1 or 6, “a chance probability of one
in about one-half million.””* Unfortunately, she is
not clear about what the probabilities refer to or
how she arrived at them, and her computations err
in several ways.

First, the probability that two specific final digits
(1 and 6, in this case) would fail to occur by chance
is 1.5325(10°), or one chance in 652,530, close to
the “chance of one in about one-half million” that
she states. However, the appropriate probability to
apply here is that any two digits would fail to occur;
if, for example, 3 and 8 had failed to appear as final
digits she would have drawn the same conclusions.
Since 10 digits can form 45 different pairs, the proba-
bility that any of those pairs would fail to occur is
6.89623(10°) or 1 in 14,500, not 1 in about half a
million.

Although this difference does not vitiate her con-
clusion that one can exclude chance as an explana-
tion of such numbers, it typifies computational
errors in this paper. Moreover, the conclusion is
moot because the statement that none of the numbers
ends in 1 or 6 is false: Abraham’s age was 86 when
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his first son, Ishmael, was born. Hill excludes this
number by breaking her own rule, using Abraham’s
age at the birth of his second son, Isaac, instead of
his age at the birth of his first son, Ishmael.

Second, Hill's computations are based on the false
assumption (p. 244) that the ages should be random
numbers; instead, they should conform to Benford’s
law (explained above). Also, her computations do
not take into account the effects of rounding (demon-
strated above). Finally, her choice of which patri-
archs to include in her sample (the first twenty) and
which subset to select for separate analysis (the first
ten) is arbitrary and post hoc, and it therefore inflates
the significance of her probabilities.

However, estimating the probabilities of the final
digits of these numbers, as Hill has attempted, is
unnecessary in this case, for her point — that the final
digits of these numbers are not natural —clearly fol-
lows from the fact that some have been rounded
(shown above). Moreover, not all the numbers have
been rounded. Choice of which numbers to round
allowed whoever did the rounding wide latitude in
determining the properties of the remaining final
digits. Whether such choices were guided by their
supposed sacredness or by other considerations is
not clear from present data.

Note (see the discussion of rounding above) that
any manipulation of these least significant digits
would have a negligible effect on the systematic
properties of the numbers, the error distribution,
the independence of the numbers, and conformance
to Benford’s law; that is, these properties are insen-
sitive to the values of the least significance digits,
which, by definition, have relatively small effects.
Therefore, the fact that the least significant digits
have been manipulated does not affect the conclu-
sion that the numbers represent natural phenomena;
nor, conversely, does the fact that these numbers
have these natural properties exclude the possibil-
ity that the least significant digits have been
manipulated.

Conclusions

These biblical longevities admit to but two possibili-
ties: at least some are true, or all are false. The fre-
quencies of first digits in table 1 (p. 119) differ from
the frequencies used by those attempting to generate
random numbers, but do conform to Benford’s law.
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Also, the time-course of the longevities is difficult
to reconcile with deliberate fabrication or with any
other form of fabrication. Like any empirical find-
ing, the results are not absolutely conclusive, but the
mathematical properties of these numbers favor nat-
ural origin. In other words, the biblical longevities,
as a set, are likely to be true. &
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