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PART V.—LIFE TABLES.

INTRODUCTION.

ONE of the most valuable uses to which trustworthy rates of mortality
can be put is for the construction of life tables ; and it may further
be asserted that the construction of life tables is almost necessary in
order to give scientific value to death rates. The first extract in the
following selections bearing upon the inter-relations of death-rates and
life tables shows that even in the First Annual Report Dr. Farr fully
appreciated the enormous value of the civil registration of deaths (showing
the ages at death and the causes of death), not only as the basis of
mortality statistics for stimulating sanitary progress, but as a means for
the construction of true life tables, that would give increased trust-
worthiness to death-rates, to life insurance, and to the system of life
annuifies. It will be evident, to those who read these selections from
his writings, how much thought and labour were devoted, from time
to time, by Dr. Farr to the utilisation of the accumulating mortality
statistics derived from the national Death Register for life table
purposes. The first of Dr. Farr’s English life tables, known as No. 1,
was published in the Registrar General’s 5tli Annual Report, and was
hased upon the enumerated population in 1841 and the registered deaths
in the same year. The following extracts include several from this
report, in which appeared a general dissertation upon the history,
construction, and properties of life tables, in addition to a detailed
description of the English Life Table No, 1. This report also contained
shortened life tables for the Metropolis, for Liverpool, and for the
county of Surrey, which exemplified scientifically the effect of extreme
urban and of rural death-rates upon the lifetime of a population,

In the Registrar General’s 12th Report was published Dr. Farr's
Finglish Life Table No. 2, which was constructed upon s more extended
basis, namely, the registered deaths in the seven years 1838-1844, and
the Census enumerations in 1831 and 1841. The last of Dr. Farrs
national life tables was based upon the recorded deaths in the 17 years
1838-54, and upon the three Census enumerations of population in 1831,
1541, and 1851. Such an extended series of observed facts had never
before served as the basis of a life table. The near agreement of the
results arvived at in these three English life tables is very remarkable,
and accentuates the fact that English mortality, notwithstanding fluctua-
tions from year to year, was, on the whole, notably stationary during the
first 33 years of eivil registration, 1838-70.

The English Life Table o, 3 was not only based upon a far larger
series of observations than either of the Tables No. 1 or No. 2, but
confained a far more complete and elaborate series of tables. ‘This life
table® was published as a separate volume, containing more than 500
pages, a great portion of which was devoted to joint life tables.

* Hnglish Life Table. Tables of Lifetimes, Annuities, and Premiums ; with an
introduetion by William Farr, M.D., F.R.S. Longman & Co.; 1864,
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The limits of this volume forbade the selection olit btut,1 ctcilgpg:':;;\q :;?;
e - ql interest, and necessitated th S8
few cxtracts of more general ;. sitated tho omisod

ocsine intrinsic mathematical and. actnaria .

of much possessing Intrinsic ct b e oports

1 j .clection was to take those portions the repo!l
main object of the selection was 8 : the repors
which di‘:ﬂt with general principles and possessed \az.ue O‘lt llr:'t: vest or
those who use the lifc table as a scientific exponent of mortality,

3 al M 3 > al‘)'
1 insuranc ty operations. It is necessary,

a euide to insurance or anntl )
horetorc, to. vlio would study the more purely mathematical

-¢, to refer those v 1 ore pt ST
fllslgl(;ii;oég,t_lle question to the original reports in w hich the several life

tables were published.

istrict Life ' 1 upon the mortality during
Tealthy District Life Table was based upon the | :
t]u;r flilfel)g:ll's lly‘?-LQ-:')S,in 63 English reglstra;lon d;st(;gc(:)ts Whlg}]l:li?;; l?‘}'
‘ c i y ersons 14
an annual death-rate not exceeding 17 per 1, P s vl
311:-?32'ntl;:a te;1 years 1841-50. This life table formed the .:i,ullusc% 0;113
P-lpef? read by Dr. Farr before the Royal SO([:}c;{;ly gu ?e‘t!;l)fl' ;1_, tlm?; ,) ane
i i - tions of the Socl + th ar.
rinted in the Journal of the Transaction: : v that yon.
S i hy District expericnee were arterw
The tables based upon this Healthy J : i b
: 'om them was publishe
added to and extended ; and a selection from | . L
Xh)leendix to the Registrar General’s 33rd Annual 1‘{epmt‘.‘ D'l' 9.102:1 1-
p(}il;ted out that this Healthy Distriet Life 'I;able1 expl essels ot]‘igi-)classes
‘ ati life among the clergy and .
¢ rately the actual duration of ong the dergy an e repro-
¢ ommunity living ucder favourable circumsiances. - P
Utfilgget‘;lerefore ?1. standard of attained healthlfless’ae (it is 1m¥)1(355111ﬁ?,
;eiev%’r to say Low much it is below an attainable standarc )s . lli
hgalth Tistriet mortality is most valuable as a means for me:-lsl‘ll 1{3
the ex};:ess of mortality due to insanitary condition, and generally
ble caunses. - ) N ' ,
Pr?l“-lelgtgqreful study of the following sele(it;on oi; iaxtl acts fi ;)1}1;1 31)1; f‘ztgns
itings 1 d use of life tables cauno -
writings on the construction and ' : e only
i ;ital statistics that a life table supp
vince all students of vital statis  Life bl S e s
sentific and thoroughly trustworthy method o scertaining the tru
isrc;;r;';ﬁgf rates of mbortality in increasing or d(imeﬂ{?;}x‘lg Poplll)leatitr%% X
incr y be due to the difierence _
er such increase or decrease _diffe cen
;fi]ll'ff:jl?-;ates and death-rates, or to the effect of migration. : The (i?(l)ln
struction of a life table by Dr. Farr’s shortened methodt(sefe 1( escm Pﬂnr,
: : 5 tail an amount of labour ths
: -mulwe on pp. 465-7) does not en . Il
:ﬁgulf(‘?ldeter megi%al officers of health for large urban (1'1.St1‘lcfs %"rﬁ?;
undertaking it. A detailed and thoroughly practical de.scuptlfc.)‘n o fhe
siruction of an extended life table (for each year of age from 11
(13((3)1(1)3) may be found in a Paper read before the Statistical Socicty 1n

April 1883.1 This description was written with a view to facilitate
£ .

the operation for those whose knowledge and practice of this branch of

mathematics might be insufficient to cnable them to work with the

sole help of Dr. Farr’s formule, a seleetion from which is to be found

1 following extracts. o ‘ '
" :Elllteirrencies oaf space alone prompted the ;'le‘]e(ifjlonr for thﬁegl‘]‘l %(:Is](:; (?(E'
5 V0 ‘ ibution on what Dr. Ifarr ca ane
ihis volume of a valuable contri bu . e L manee

1 : ’ he describes as “a branch O
¢ of Life Insurance,” and which : : Dran P ihe
1 * life insur ich has hitherto (in 1850) been
« geience of life insurance which s i D
. i i y the standard works of L'rice,
“ ted, and is only noticed cursorily in ‘ f Price
¢ R(Iagliin i3aily, and 1;{’Iilne.” This branch of the sr:lb}];ect, 1,;ht_m evili , 11;
Ty of ical character, but its interest 1s ms
nly of a thoroughly technical cha , but its interest |
Eggf?neg to those pra%tically engaged in the business of life insurance

healthy districts, “the sanitary

H ")
% ' «ofe. respecting these so-called trict ! ‘
* Dr. Farr wrote, pepeoie however, still in many respects

condition of the people in these distriets 18,

" t’ . .,’ . -
dcfl'egc:xinal of the Statistical Soclety, vol. xlvi,, pp. 189-213.
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This contribntion may be found in the Registrar General’s 12th Annual
Report, pp. xvi-xxxiv.

Awong Dr. Fart’s other life table contributions which have been
necessarily omitted from these selections through want of space, it is
especially desirable to eall attention to the shortened life tables for
Lingland and Wales, the Healthy Districts, London, Liverpool, and
the fifteen great towns. These tables, together with others (which
may be ealled Life Tablles of Disease), showing of what discases
and at what ages a million live-born children may be expected to die in
England and Wales, the Healthy Distriets, Liverpool, &c., were published
in that mine of statistical information and suggestion, the Supplement to
the Registrar General’s 35th Annual Report, in the preliminary tables,
pp. Ixxxiii--c)xxxv,

(Ep1ror.)

Death Registration, and Life and Annuity Tables.—in the Abstract
of Deaths (the registration of which even for this first year has Deen
effected with signal success) are shown the deaths of persons of each
sex at every successive year of age. Such details are of acknowledged
value as data for determining the laws of mortality—as bases for
calculations materially affecting the interests of millions. 'Fables
exhibiting the proportion of deaths at every successive year of age are
among the most imporiant materials from which are deduced the true
prineiples on which should be founded the systems of life annuities
and of life insurance, and the rules of Friendly Societies established
for the use of the poorer classes. The materials hitherto accessible are
admitted to have been too limited for framing, satisfactorily, tables to
regulate the amount of contribution at various ages, by which members
of such societies may become entitled to allowances in old age, or to
sums payable at death. The insufficiency of the data hitherto collected,
and the contradictory nature of the several tables founded on them are
strongly set forth in the Report of the Select Committee of the House
of Commons, in 1827, on the laws respecting Friendly Societies. It is
there stated that, « according to the Northampton Tables, out of 1,000
“ persons existing at the age of 235, there survive at the age of 65, 343
‘“ persons. By the Carlisle Tables, no fewer than 513 persons will
“ survive;” whereby it appears “ that a society which should adopt the
Northampton Tables would, if the mortality among its members should
correspond with the Carlisle Tables, have #iree annuitants where it
caleulated upon ¢wo. Of those annuitants, moreover, a larger proportion
would live to enjoy the annuity for a considerable number of years;
for instance, of the 343 persons, who would be annuitants according to
the Northampton Tables, 98 would live for 15 years; according to the
Carlisle Tables, 162 persons would survive through that period, and
attain the age of 80 years.” But still more clearly will it appear how
great is the want of further facts for the elucidation of these important
subjects, and the establishment of a safe standard, by viewing in a tabular
form a comparison of the various results of seven approved tables of
mortality (see the following table), extracted from the above-mentioned
report. The recommendation of that report, that measures be adopted for
making “an accurate and extensive collection of facts,” whereby may be
facilitated ¢ the solution of all questions depending upon the duration
“ of human life,” is at length ecarried into effect ; ample materials, thus
conducing to ameliorate the condition of the working classes, are now
afforded in the certified copies of registers deposited in the General

11
[
113
11
13
(14
4

L al

(14




ST e e ria Y fs b e -

wrE e e

LB
1
1
F
!.
r
th
.
n
"y
¥
4
N b
A
Ea B
1
i 1
5
gE
B
5
" i
d I3

rrpy

e A N T T T

448 [PART V.

Register Office; and each year’s accumulation will increase the value
of such records, by augmenting the number of facts upon which
caleulation may be brought to bear.

In pursuance of these objects, I have felt that it was of great
importance not only to give an abstract for the whole kingdom of
England and Wales, but to exhibit the difference which prevails in
different portions of the kingdom; to compare town with country—
agricultural districts with manufacturing and mining districts—the hilly
with the low and level —the maritime with the inland—the eastern and
northern with the western and southern parts. Nor are these diversities
matters of merely curious speculation, but they may be made the source
of important benefits, especially to the poorer classes, It was stated
in evidence beforc the Committee on Parochial Registrarion in
1833, by the Actuary of the National Debt Office, that the extent
of difference which then exisied was utterly unknown—that tables for
the use of the poor, in reference to sickness and mortality, and in
reference to the regulation of their Friendly Societies, could not then
be consirncted for two districts differing in character, from the want
of such information as an improved system would afford; and that,

3 L] »
=t i R e [ o= S2¢ | By Mr. TFinlzison’s
o= - | 2D i F- —_—a i N
- s 2 . =2 |32 Tables, founded on the
= &, G ZE 2= {Ho2 ' experienceof the
I BE. |28 ' &~ =% | .89 Government Life
FZ€7 |8y 2021 20 (=52 Annuitants,
PEER L2  EB%, vg | 2EE
S I S I < 252 | wun I & =2
PR, =2t ERM T =7 =z =% == i 8.z
=821 12| 22 |RES & Tg | i
) —ra e - ] - (] - ki -
IS 2188 '¥E% ! 55 |22 2,23 | 2578
it Bl lwm. ;o=2]| 2L |BEZ| 22T ~gr
1 ‘zuz .5: 1 et 3D "9'5' :: - [=] - o";’:)"'
L e® 2 i Bgs) = =2 | gEmS ez2=
292 | 283 235 | Sk (E°2) Tgis z28
|22z (=2 858! o= =3 ;_:cﬁgo u=S o
Sm= T e Po= Gl o So= S—==
2T E 222 1R25 ) L2 (522 SEES | 228
iRzZ | BZEiAZ3! RS |TEF| 5zg: | 83.%
VeS| 2l e s =8 EAsX So==
: 54 | =) . = = | < -
| | 1 ] 'i
: . : ; Mean Mean
. ; ; 5 of both i of hoth
Of 100,000 persons, :1;._-:0(11 : : , Sexes. Sexes,
95, there wonld be alive - 31,286 43,137 © 51,033 1 51,335 © 49,330 93,470 i 53,4950
at theageof 65 - - ' i ;
, : ! ' ! .
Of 100,000 persons, aged) | ; g ! i
63, there wonld be alive ¢ 28,738 ‘ 23,704 r 20,873 | 81,577 | 37,267 38,605 ¢ 35,555
at theageof 80 - -}! . | ‘ ; :
Expectationof lifeatthe?, .n.q= L gemq | e -t oar apeas 0grra
e OT 25 years . a§| B0'83| 3438 | 717 | I7SG 1 BTG 385 5852
|
Expectation of life at the ) ; . . o g geas 9 g
ace of 63 years - z 16°88 | 10°10 | 125! 11°79 | 12°35 12°81 12°50
Value of an Annuity of 1L £ £ £ £ £ _£ :
onalifeaged 25, interest ;| 15°438 | 16°830 | 17°420 | 17°645 | 17°494 17534 17 63
being at 4 per cent, -
Value of an Annuity of 12
on alifeaged 63,interest 77611 7°328 1 8°039 ! 8°307 | 8635 8°8% 8751
being at 4 per cent. - .
Value of nl deferred An-
nuity of 1. commencing ( o, - 194 ‘gep=r42 25159 10°RILI3T 0rRYT . B—
at 63, to » life now aged lO 55424 0°65842 0°85452 {0°88823 (0°88723 | 0°99078 (08344
235, interest at 4 per cent..) :

* Inall the Tables above mentioned, it is to be observed that the Mortality is deduced from
an equal, or nearly cqual, number of each sex, with the single exception of Mr. Davies’s Table,
founded on the experience of the Equitable, in which office, from the practical objects of life
insurance, it is evident the male sex must have composed the vast majority of lives subjected
1o mortality. But as it is agreed on all hands that the duration of life among females exceeds
that of males, it follows thut the resulis of Mr. Davies’s Table fall materially short of what they
would have been, if the facts on which he has reasoned had comprehended an equal numher of

each sex.
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:(];:1‘1‘:?(,;(:(':::(11“ of I];om' men residing in distriets of a fotally different
. ter weve, at the snme time, to apply to him for tahlec ide
E-‘hcm lll.])l'CSl’!I'\.’il}g their socictics sollv]en};:,l;:c.]ll{l:sligill({d::]:sli:;(:Ief“t]](:g
: :]lﬁ:tez;:(t{;:f[; i{l\‘\r;]]?fz]:lfvc";zn::(lt(?c}gc: to both, though knowing perfectly
Lt the rato e ate 1 one case were inadec }
W .t.ljcd(;the}‘ ’ } It was also stated to the Committee on Laws 12332::?111::
011(.;; bly b.O(:lethb_,’by another eminent actvary (Mr. Milne), that no
l“n? by e gl :s.ca}e 'of contributions can, with propriety, be adopted by all
riendly Societics ; that one composed of members livine in or near s
manufacturing town required o table very different from that Wn(felc:licl(l
would be required in places where the population is less d(‘anqe ¢ (i
\;r]nere & considerable proportion of the members are chiefly emplc; é&l?n
f.‘le open air; but that these are differences which he conld not % re-
.li?f]d to estimate for want of duta.” The useful principle of cI(;m-
[)ul;)ilslo‘:l may, ;f requl?lFe, he carried ouf into a more minute system of
sobdi 151]%11 111:11'1.1 have, in this first Instance, deemed it necessary to
;:1-1'1 pt. But t’lf:l.e was dange}' lest, in attempting a more subtle " dis-
crimination, we should lose sight of broad distinctions which it was
lnportant to observe; and it was hecessary to remember, that t
diminish by subdivision the number of facts on which caleulation 1(1)
he bro.ught_tg bear was matcrially to diminish theijr value The ei(;u (t
to which division should be earried is a question not to be der’*idede]n
any ‘r:stabllshe_d rule, and which necessarily admits of much divérsit f))t(
21)1.1110_111; and it has been sought to pursue a middle course betwe.enythe
]-Iijll:r?f]ltb extremes of subdlvlsmn'and' condensation, by dividing the
‘Ingdom into the twenty-five portions in which are exhibited abstracts
of d;aaths at different ages. In doing this, regard has heen had not so
lltmc 1 to the obser_vance._ of established Dboundaries as to those circum-
stances from which diversity may be expected to arise; in some
Instances, contiguous counties, similar in soil, climate elev:;tlic;n and the
employments of the people, have been included in the can’m; table
while, in other instances, the boundary of the county has been Ldisre@rdeci
wherq 1t was desirable to compare two larse portions of its irihqﬁ't‘ t
pursuing very different occupations.—(1st Annual Report, pp. }.':5—]1(;} I; i

iml:g; z,fafzty at Groups of Ages for Life Table Purposes—The most
qtrlu :; tan ufse of Abst::acts of Deaths is their application to the con-
.p (-) (}; .1011 0 ta,blc.a's of mortaht.y, which, it must be remembered, are
:onstructed, not from enumerations of deaths alone. but from two series
of facts—the numbers 1i ving at different ages, and the num bers d 'i‘nfrl‘l't-
the same ages—and the observed relation between those f'l(;ts) This
:ie}ation of the living to the dying is varying daily ; but it ‘is (-)1)Vi0i]]-::
-;l]l‘”‘- 10.w-e\ er coml')l'etfa_nught be the record of facts, complete beyond
“ll conceivable possibility of attainment, these variations in the minuter
Er:rtu.)ns of time would be too irregular for the safe deduction of :ﬁzy
.:;(liell ;1; I:L)\VS‘ 1—? and Ehf'lt it is only by including large numbers of facts,
i lo %-}e?:ull?:sistio tm?e, ﬂlat we surmount the difliculties which sueh
T I;WS :3;. n(i; (:?.;clel,t ::md arrive at the ascertainment of any
i.0“11111(1 :geb:::égnmentd og these periods, the quinquennial division is
o e xe omrilen e : ?Oth by its correspondence with the enumera-
o 1l iny poisess of the ages of the living and by the authority of
Lu0se 1ave already adopted it. The ages of the living in 1821
; F“' enumerated for quinquennial periods up to the age of 20, and for -
d «Lrg?]‘:::l,, pertlods af'tel: that age. ‘The umbers of the living at different
sl?ci \ 11(.)- enumerated in 1&?31: 1t 1s earnestly to be wished that
! ecnumeration may he made in future, and for quinquennial periods

FF
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beyond the age of 20; but. it is nscless fo expeet that an_enumeration
more minute than for quinquennial periods for all alove childhood can
be effected with success, 1f, therefore, the utmost to be expected with
respect to the future enumeration of the living is thut it be given for
quinguennial periods, it becomes advisable that the age at which
persons have died should be given in a corresponding manner. I may
further observe, that no authentic table of mortality in practical use has
ever been been calculated from an cnumeration of deaths at every
separate year of age; and that no actuary has yet shown that tables
can be deduced more accurately from deaths so enumerated than from
quinguennial or decennial periods. The well-known (Carlisle Table of
Mortality was calculated by Mr. Milne from Dr. Heysham’s Tables
of the Living and Dying, in which the ages of the latter are arranged
in the same manner as in the present abstracts, except that the divisions
were less minute, containing only decennial divisions after the twentieth
ear.
‘The Swedish Table was caleulated by Dr. Price from abstracts of the
numbers of the living and dying in Sweden during 21 years, arranged
in quinquennial periods after the fifth year. The Northampton Table,
the Montpellier Table, and Deparcieux’s Table of Annuitants, though
calculated upon data less complete than those which were the bases of
the Carlisle and Swedish Tables, were formed by regulating the
decrements, or by taking the mean mortality of quinquennial or
decennial periods; and in addition to the eminent writers on the
law of mortality above mentioned, 1 may quote, in support of such
arrangement, Mr. Morgan and Mr. Edmonds.—(2nd Annual Report,

pp. 13-14.)

Iistory of Life Tables—The table called by different writers @
Table of Mortality, « Tablr of Vitality, or a Life Table, was invented
in England by Halley the illustrious astronomer, who ¢ first ventured
« {o predict the return of a comet which appeared accordingly in
¢« 1759.” By this simple and elegant table the mean duration of human
life, uncertain as it appears to be, and as it is with reference to
individuals, can be determined with the greatest accuracy in nations,
or in still smaller communities. I refer to the form, and not to the
mode of construction, which has been since greatly improved.

Halley’s Table was calculated on the deaths in the city of Breslau,
which for various reasons he selected from the imperfect data at his
disposal “as the most proper for 2 standard, and the rather for that the
¢ births did a small matter exceed the funerals.” HHe was aware that
« he wanted the number of the whole people” for an accurate calcula-
tion ; but Balley’s Table, constructed upon nearly the same hypothesis
as the Northampton Table, represented the mortality of mankind with
as little inaccuracy, and was upon the whole quite as good a “ standard.”
He observes it may be objected that the different salubrity of places
¢« does hinder the proposal from being universal, nor can it be denied ;”
« but”’ he concludes, it is desired that in imitation hereof the curious
« in other cities would attempt something of the same nature, than which
« qothing perhaps can be more uscful” The table, which gave “a more
“ just iden of the state and condition of mankind than anything then
« extant, had manifold uses, showing among other things the chances of
¢ mortality at all ages, and likewise how to make certain estimate of
¢ the value or annuity for lives, which had been previously done by an
“ imaginary valuation.”

The Government of the Revolution, it will he recollected, introduced
the system of borrowing money upon Life Annuities, and after having

LIFR D
TABLES, | 151

fuiled to procure subseripti
re subscriptions upon the terms of the Aet of
steeee 1 .1 : ’ ’ et
;]Ill;(,'(‘.(l;,l(]](,‘(l'.lll m.a]ung good the deficiency by granting Life A.llll(!)]fitile(igi-il,
aper, 8 that lhis caleulation shows ¢ the or : '
” narks _ . 1e great advant
: }r):zvtlt:lglzu;gy mtto the present fund lately grantedti:o their Ma;ciii;):
giving " cent. per annum, or at the rate of 7 years’ |
‘ } ¢ rears’ purche
'lm?}lfe,ew.h,en young 11,‘;'05 at the usual rate of intere)st. are I\)vortlll'l:sl.%cfg;
duret 31,1 tcl)lf?]ilf)'élr-(:ﬁ?sq.t > In the ignorance then prevailing as to the
»_Annuities were granted at the same rate to per
aration of o _ St : son
v illl.)‘; s‘clag(} ; and ?Ialley pointed out “the advantage of young 1liv'es osvgf
. ; n years, a life of 10 years being almost worth 181 years’
!i‘m];(i mse,fw%lereas one of 36 is worth but 11.”# =

ables of the lives of French annuit .

1 | : ] ants, monks and nuns y
Ellglﬁlﬁ :I[);yf])rf‘parmeux in 1746 ; and in 1783 Dr. Price consi;l't;ZtG(;g
oo 'Il‘]fis r;lzll)s]ihgmf)il;lt?&et'popiliwfi'm'_l[‘ and deaths in Sweden and

- s wasthe first Nationa ife Table ever made, and redound
T;((:)hc:l]ho(: 53 tt:vigix(';hlj?ce sdfacine than lfihe Northampton Table of Mort:lili(t;
: — » tounded upon the misapplication of an hypothesis
never represented the morialit ‘ "of any othor
C y of Northampton, or of any othe
g?.l;gl;ur:]&ty-, fmd ought not to have been published after the appjéaranci
he lelr:.ﬂ)l(i essay and tables of Deparcieux in 1746.F )
o thg )ar lile_l‘ab]e was calculated by Mr. Milne, on two enumerations
> 17’_91 013111 ation of Carlisle, and its environs, made by Dr. Heysham
] é 17:'1711 3111:1 87 1:hw.wtél thle deaths in nine years., The mean population
slyi, e deaths 1840. Mr. Milne has descri in his’
treatisot tho care us ] Mr. as described, in his
1 with which the observations
ot . _ were taken, and the
wl(;]itclzllcl,dwzsm%)hlgyf?ri t;1(1;1011;‘1(1:"3constructwon of this justly ce]ebra’ted table,
rect Tenr . A .
W ‘t‘lﬁlEnglish DopTation presentation of the vitality of any portion
though the dat y ini
amomse the Bt g ﬁecessal y for determining the law of mortality
o cg,ntinup ! » a0 the value of pecuniary interests dependent upon
N conth ance or fa‘l‘lur_e of human life, cannot be obtained,” observed
" i.nﬂuen(::, in 11831, \ylthout the active concurrence of many persons
oF that kin?l a'DI( tz}u’thonty_, yel for all the tables containing information
the public w:n (; 1’1 “i lei dté)b:h(lls fouﬁtry, and published before the year 1829,
2 ed to the zeal and industry
ofform, InGeb _ ry, and the separate
ap]?:) ';; tgg ?Jyfego ég;l;:;xgugls. .t]131ut 1;11 1Il\Iarch 1819,}1’\11'. Finlaisml1 was
d . ernment, with all the aids they could afford him
;gc:(t;l(ll;g;g proper assistauts, and access to the regist);rs of the nomintaes,
G Lonty nfs,ta?d‘ others on whose lives annuities had been granted by
b e‘mcnenu. or more than a hundred years before, in which registers
e o a?l(.as at which the annuitants were nominated, and those at
e ro?r'd 1((13(], were stated. Thus the date not otherwise accessible
empﬁ) )If)ed ;hi- A z;l)gn:he llabolljr. lessgnfgd by the number of calenlators
’ xpense also being defrayed by the public, at the end
;)]fe lI(zogrgars,f viz., in March 1829, Mr. Finla?irson nlnade 2 report el}to
" Comm?) n0 thezl Treasury, which was printed by order of the House
ori ar:i t?n in tables filling 50 folio pages, shows the rates of
y 1e values of annuities on single lives at all ages, among
o
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* An esti i
it all?[sglrll]lgigl of ttlllle mortality of mankind, drawn from various tables of the
s in the City of Breslau, with an attempt to ascertain the price of

annuities upon lives, by Mr, B . . .
vol. xvii,, 1693, p. 596, yﬁO- 1‘93‘.1- Halley, T'ransuctions of Royal Society, London,

T Essai sur les Probabilités de la Durée de la Vie Humaine, 1746

T Milne on Annuities, 1815, S i
e onl - . See also ticle ‘¢ Milne i
pxdia Britannica,—¢¢ Ar’muities ¥ and ¢ Mt)‘:?al?tl;gks by M 3line in the Bineyelo-
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many different classes of annunitants, both separate and combined, the
sexes being generally distinguished in exhibiting both the law ‘of
mortality and the value of annuities.”*

The Equitable Assurance Society published in 1834 a valuable
abstract of the accumulated facts in their possession, from which
Mr. Morgan deduced a table of mortality. The excellent example of
the Equitable Society was followed by the Amicable Society. The
Societies’ abstracts distinguished the persons who entered at cach ycar
of age, a point which, it is to be regretted, was neglected in My. Fin-
laison’s tables, although the granting of annuities caleulated on the lives
of persons, sick or healthy—to selected persons in health, particularly at
advanced ages, is well known to be, and has since proved, a matter of
serious importance in a pecuniary point of view. _

At the suggestion of Dr. Cleiand, the civic authorities of Glasgow,
with « laudable zeal, enumerated the ages of the population of that city
in 1831 ; and the registration of deaths was so complete, that Mr, Milne
was enabled to construct “a table of mortality, which he expects to
publish,” from the observations made in the 10 years 1820-30. I
am not aware that any other set of observations has appeared from
which a true life table can be constructed. 1 have already stated that
Sweden is the only nation for which tables of this kind have been
constructed upon correct principles. France has no accurate life table ;1
nor have the data from which a life table can be constructed, namely,
the ages of the living and the dying, ever been published. No life
‘tables have been constructed for the population of Prussia or of Austria;
but the data exist, and have to a certain extent been published, though

" in forms which present considerable obstacles to the calculation. The

Census of Prussia, in which the ages are distinguished, is taken every
three years; and periodical abstracts of the deaths have been carefully
made by Mr. Hoffman. The ages of the living are, however, unfortu-
nately divided in an irregular manner, entirely different from the
correct divisions adopted by Mr. Hoffman in the returns of deaths:
which renders it impossible, without a preparatory interpolation, to
compare the deaths with the living at the several given ages. The
same objection applies to the forms of the Austrian returns. Registers
of deaths are kept by the clergy of the Russian empire ; but I am not
aware that life tables have been framed for any portion of the Russian
population. The Census has been taken decennially with great
regularity in the United Staies of America, and the ages are properly
distinguished ; but abstracts of the registers of deaths have only been
published by the cities of New York, Philadelphia, Boston, and some
of the more advanced towns where property has accumuiated, and life
is watched over with more care ov facility than in the back settlements
—scantily peopled, with a fluctuating population. No correct life table
can therefore be formed for the population of America, until they adopt
in addition to the Census, the system of registration which exists in
European States.

* « Annuities,” Encyclopadia Britannica, 1831, p. 203.

 Duvillard states that his table, which is used by French life offices, and is given
every year in the Anmuaire de France, was founded on 100,542 deaths, at different
ages, in different parts of France, among a population of 2,920,672. He has said
very little about the data. The mean duration of life in France, according to
Duvillard’s table, is only 28-76 years. The duration of life is, I believe, longer in
England than in any other country ; but it is scarcely credible that the lives of
Frenchman should be 12 years shorter than the lives of Englishmen, and 10 ycars
chorter than the lives of Swedes. 'The table probably involves the same errors as
the Northampton Table.
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Since an Bnglish life table
?lf)lZ:tl, I x'ent,grcbto cxpressl; h;}?s I;ﬁ::;, Eﬁgnffggn (;[11 from the nacessur
A C(l)?rflt;i(:isg? n(l)fwg]l Ch(lhfe fables for other nations can be constructed
France. Prossis. 3 e duration pf successive generations in En izmd.
throw r,nuéh ]i- ";ll’t Usifl‘!ﬂ, Rl_lssm, Al}lerica, and other States %.roulri
o muct toé b on the physical condition of the respective popilla-tions
and 10300 Govz(:'lne;tlﬁf and benevolent individuals in every country—,
amcliotnting e (I:nhs—many ways of diminishing the sufferings, and
of 1 it ?l me 1ealth and CO'lldltlon of the people; for the lon eI’- lif
2 life move eizo ei }nore than it does in an individual—a happie% life—e
and industry, E.n([r) ot sickness and infirmity—a life of greater ener
% noble. o t{:) I(I)alblean;r experience and wisdom. By these comparisoii
read of sickness die u}u.ali;m:; might be excited: and rival nations would
over death and th nnished, deformity banished, life saved—of victories
over each o;her’ e. A a»jV?,——wml.l as much enthusiasm as of vietories
be the ol "s armies in the field ; and the triumph of one would t
umiliation of the other; for in this contention none cou](i llége

territory, or honour, or bl :
Report, l’)P- 16—19.), r blood, but all would gain strength. (5th Annual

Rural and Urban Life T.

Liura /. ables ; Surr
As it might be expected, from the si larice
that all classes of men would, ceteris

numb i i

numt e;'nc:lf' i¥e?:% elt b(;comes mmportant to ascertaio whether this be the

unfm’murablp b not, to. determlne_fo what extent life is shortened in

piavourable Sqblum.sl;ance.sr. The life table answers this purpose ; and

lsas an‘dloth;- € In samfary inquiries as the barometer or thérmo-

fheter, and othe ) mlslt.ruments in physical research. Upon applying it

on b mber, of ::rfe -selected cases the influence of any external cause

extended observatioflmz:.f::flS c?aﬁguﬁjsi;? ﬂ)(;sgd ;l'wllallile Tﬁ;hout o puq and

tic : re liable to be misl

frtlegsgjr; \;{Egue ;)pmmns;, Well-copcocted stories, or interested :?a,g’nf: eifsy

ating the relative duration of life ; which ean no more be a(:lcu,

rately made out by conje
cture than t : :
moon, and planets of oqu system. he relative diameters of the sun,

The .«
. tlli:, efe?;?\lgp(lﬁi- %fi'oflhgf aﬁgl?{?t;ﬁ?e og . f1i‘he table to the determination
o - e difterent portions of the -
(:)Ol;lt ;)ff tt}l:: l&mtmn y]_hfwe been caleulated ; the population of PSOII:;I:
A )ee ropolis), of the Metropolis, and of Liverpool. Surrey
populatiOItl' S ]1_4 ; cimen of the rate at which life wastes in the country
pepuation; 1 verpool is an example at the other extreme, of the eﬁectjs;
ol ;iu()(jlrl f}n tf)xv_ns., without any adequate provision for removine
and atmosphere which s gursilly moinganed by woeme o LIE®
atmo ’ aily maintaine nature in
gg}:tlg.;;i(. :522:;‘31 . asIt;: hzh}g:;tlit ht.)e ihstmctly undelgtood that Su?f'le)? h(::;
e healthiest county, and to state i i
%;.E?blﬂ be found upon inquiry that 1:herey are parts of m(ff;? ttolxi;nwfn
'f,ha,n as ?nfavourable to human life as Liverpool. o
o ?ift(])gu ;lguzn of]‘l the extra-metropolitan parts of Surrey happens to
oo & it b%] rra er than “f.e population of Liverpool, yet in 1841 the
14,450 boys un?;;vg r;?eif 006f3 ;he ‘()1 %ag’? sdind Liveip o0 Out of
2ot ; : age 2, led in Liverpool ;
Ei)grst; é?t 'Si?lrll_?y, only 699 died in the same time. Bly th’isoift;llrgé?lilsz
) 1-educgd n 1§e1{3ptiol the number of males living at the age of 1015
e uSc below Phe number in Surrey at a correspgnding age;
bio v igt L}lrley aged 20-30 were 18,746, but the influx of fmmi-
g 3 Into Liverpool raised the number of males living there at that

urre London, and Liverpool—
milarity of the human organisation,
paribus, live on an average the same

ay be collected and
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age to 23,194, who_were rapidly cut down by sickness and death ; so
that at the age 45-53, only 7,504 males were enumerated in Liverpool,
whils 9,281 were living in Surrey. From the Life Tables we shall
be able to determine how many curvive each snccessive age, and to

caleulate the expectation of life. .
According to the Surrey observations 75,423 of 100,000 children

born, attain the age of 10 years; 52,060 live to the age of 50; 28,038
to 70 : in Liverpool only 48,211 of 100,000 live 10 years; 25,878 live
50 years ; and 8,373 live 70 years: in the Metropolis 61,921 live 10
years ; 41,300 live 50 years ; and 16,314 live 70 years. The probable
‘uration of life in Surrey is 53 years, in the Metropolis -0 ycars, 1n
Liverpool 7 or 8 ycars: the Expectation of life does not differ so
enormously ; it is, however, 45 years in Surrey, 37 years in the Metro-
polis, and only 26 years in Liverpool; at the age of 30 the expectation
of life is 35 yearsin Surrey, 27 years in Liverpool ; at 50 the expectation
of life is 21 years in Surrey, 16 years in Liverpool.

EXPECTATION OF LIFE (in Years).

|
" FEMALES.

PERSONS. MALES. f
i
Ase Liver- | M Liver- | M H Li fot
iver- | Metro- iver- { Metro- | ¢ iver- | Metro-
Surrey. pool. | polis. Surrey. pool. | polis. ii&urrcy pool. | polis.
| |
o) 45 26 37 44 25 35 | 46 27 38
1| 50 33 43 50 | 33 41 50 34 14
2 51 38 46 51 37 45 | 52 39 48
3 52 41 47 52 40 16 ;i 52 42 49
4 52 42 48 52 41 46 5§ 52 43 | .50
5 52 43 48 51 42 46 1 52 13 50
101~ 49 41 45 49 41 4 . 49 42 47
15 45 37 41 || 45 37 40 | 45 38 43
20 42 34 38 42 33 36 42 34 39
25 38 30 34 | 38 30 32 i; 38 31 35
30{ 35 27 30 & 35 27 29 35 27 | 82
35| 8l 24 97 31 23 25 ;‘ 31 21 | 28
0| 28 21 24 28 91 92 | 28 23 | 25
15 24 18 20 24 18 19 {24 18 | 22
50 21 16 18 21 16 17 @‘ 21 17 ‘ 18
|

It might be cited as an illustration of the necessity of registration and
of ealeulation in these matters, that, before the Annual Abstracts of
Deaths were published, some of the best informed people believed
Liverpool one of the healthiest spots in England; and the late
Mr. Rickman inserted, doubtless on what he at the time considercd
good authority, the following note in the Population Abstracts of 1831:
—«The great increase in the town of Liverpool is attributed to the
« sqlubrity of the air, and the progressive improvement in its trade,
« commeree, steam navigation, and railroads.”

Tt has been stated that the mean duration of life in Surrey is about
45, in Liverpool about 26 years; now it all the inhabitants lived 45

ears in Surrey and 26 years in Liverpool, the difference would be
obvious ; but such is not the law of nature; in both a certain number of
deaths takes place at all ages, and at the Census 3 males and 11 females
were returned as living in Liverpool af the advanced age of 95 years
and upwards. Little dependence, it is true, can he placed upon the
ctatements of age in the table deduced from the returns in onc year
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(1841) after the age of Q0; 1 it i

(1841 ag 905 but though it is quite possible that i

r ' ¢ ; L tho sible that isolate

::u]:;u'ltlu.].s.nmy live }(JO years in Lw?:rpool, they h:lwe litt(i'e ](;:Ln](:o(lzil;? (:
hx.nH.]1)((;(;:(:llzllgcdduraum} 0{" life, whicl differs from that of Surrey L(;S
as been already scen, in the proporti £ : b Area]

Renort . 31}[_/') .. proportion of 26 to 45 years.~(5th Annual

Ad{.lfiré(éf]rtﬁfng/]e th.' hI'ndivicluIal Life and Constancy of Averages
) of his popular papers, ¢ The Vision of Mi a,” has an
Ad . . { Mirza,” £
:tlllclcﬁ?;in“il'?glz wa?J Qliobabl_y suggested by Halley’s table; he (,3013:;1)?11:1(};
ife to a bridge consisting of threescore and i hes
¢ with several broken arches ic o, thoso which woro sty
, which, added to those which wer irc,
mad(? up the number to about a hundred.” “I see mul?;ﬁlgg.:lrgff
?ﬁ?lp efpz}ssmg over it,” said I, “and a black cloud hanging on cach
nd o“ it. As I looked more attentively, I saw several of the
1110;::3%“3 drollll)lqg through the bridge into the great tide that
nderneath it ; and upon further examinati reci cre
: : : 3 atlon perceived ther
were innumerable trap-doors that la o the ich
{ concealed in the bridg ic
the passengers no sooner tr d ronet Tt
‘ : od upon, than they fell thr '
R gors 1o sooner. , the y fell through into the
ately disappeared. These hidden pitfalls
very thick at the entrance of the bri b nas of poople
idge, so that throngs of
no sooner broke through the cloud, but 1 B ot
n : ; g , but many of them fell into th
tl(;l;(gb.z: c;u t/mzzcit'ltowmgs tf{ee middle, but multiplied and lay c]o(il;]r:
gether towards the cnd of the arches that wer ire.” i
1able follows “a throng® of 100,00 e e o sonls
- ‘ : 0 that “brake thr ”?
into life at the same moment, and ‘ B o ol
inte ‘ y counts them as they step on ever
:}_}l:’él‘(l'l]:][(':' (;5319ws, tht(]arefore, how many fall through the “Jlrliddepn p?téglf; 7
anger is exactly measured. The arches over whi 1 i
tudes pass, arc the same in rnrerscd by o omtte
S number as those traversed by a he:
gec.)l‘):e; 'but the “trap-doors” and ‘“hidden pitfalls  in thgilg'b “lr(illl:g
’ l;r’l(... ‘a§ numerous, .though ’Phey can only be perceived by ca);eful
servation ar'id counting ; while a difference of 26 and 45 ¢ arches”
would be obvious to the unassisted eye. e

In the law which reg
¢ ulates the was 1 1
reconciled : the uncert:?inty of the hourt'e o(f)f dl(lzfiht‘;?l; I;II:IgS haif oy i
o 3 - e constancy i
1;11.19r a.lIIfl‘G circumstances of the mean duration of ;nan’s existence ci‘l]:;
;1;?; doie isltllc?ssave g,i'enel'atmns are numbered, yet a child born to day
f any day, hour, or minute, of the next Zwndr :
until a very advanced age th : = ared yoarss and
@ a e chances always are tl i
until @ tory advanc g . always are that the time of
{ . al years distant: t :
varies at different agesj,( and in diﬁerell::::J s?:?e%ezf Olfl.eglizllfh bwe .Ifc.now
limit of life be 100 years, it i ' ot 2 porson
years, it is on an average 36,525
: ( \ ge 36,5625 to one that a perso
}:ril\l,l nolt die on a given day; 876,600 to one that he will not die,P o; :I
siven Tiour, and 52,596,200 to ono that he wil nob dic at a aiven
. ese chances—which vary as life a “so
: 1 : Ur) advances—are so lo
.13111.(111; {)Smt::tlcally tlheylha,ve little or no influence in ordinary ‘lﬁ“lil‘s“f
and a general rule men ha fear i ¢ day .
g ve no fear of dying upon any d
. ] ) H ay .,
3;;1; tthe lkn(i:vledge ﬂmt they may die at any i?lsta.lnt exef};isesyf;
salutary check upon their conduct; and, notwi ing its "
_ a otwithstanding it 1
appalling cffects, the changing inty ail Fiife, acconding
ets a certainty or uncertainty ot lif i
to the different aspects nd poi " Vi ooy it
: and points of view, is i ' i c
. d p , 1s 1n harmony wi
feelings, hopes, moral constitution, and destinies of mankind y with the

. . .
theﬂzi ass; 1eosus. dl:;ldval.ntage which arose from the difficulty of perceiving
in the duration of life 1 i ¥
g and consequently the infl '
external causes upon health ngevi T on ovoreome

al caus alth and longevity, h 1

fer gevity, has now been overcome

tl;i; (,-outntry by the arduous labours of scientific inquirers, and by tllll'{
° oint cnumeration of the ages of the population and the registrati n
of births and deaths. BN
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Man does not pass through all the slages of his physiological and
intellcetuzi development in less than 70 years: yet it has been shewn
that in the most favourable circumstances in which large hodies of the
English population are placed, the mean life attained is only 45 years;
and that other large bodies of the people fall short of this relatively low
standard, to the extent of nineteen years—ycars of childhood and
youth principally—years of toil too and poverty perhaps, but of life—
vears also of manhood in its prime, wisdom in its maturity, virtue in its
height of usefulness and glory. The facts and calculations upon which
these results rest, will not be disputed by those who have studied the
subject mest deeply ; I believe that they will be confirmed by the still
more oxtended data which are every year accumulating under the
present system of Registration. In the rmean time cnough has been
advanced to direet public attention to the ¢ hidden pitfails,” which hal
so long luin concealed, which destroy every year thousands of lives, and
which it is believed admit, to a considerable extent, of removal by
the judicious application of samitary measures.—(5th Annual Report,
pp- 37-S.) ' ,

Mean Duration of Life and Mcan dge at Death.—As the mean
duration of life, technically called the expectation of life, differs very
widely from the “mean age at death,” and from some estimates which
have been made of the relative health of different portions of the
population, it may be right, before I close this Report, to point out,
the errors into which inguirers are liable to fall in reasoning upon
the “age at death ;” or, which is the same thing, constructing lifc
tables from the deaths alone. Mr. Milne has very clearly pointed out
the fallacics of all calculations and pretended tables of mortality, founded
upon returns of the ages at death alone; and I should consider it
«ufficient to refer to his able article « Mortality” in the ¢ Encyclopaedia
Britannica,” if the error had not survived and assumed new forms very
much calculated to mislead those who have had time to pay but a
cursory attention to the subject.

The duration of life in England is 41 years; if the population were
stationary the-mean age of those who died would be 41 years; and
1 in 41 would die every year. The population has however increased
'1-41 per cent. annually during the last 40 years; and we find that the
mean age of the persons who died in the year 1841, instead of being 41,
js 29 years; while 1 in 46 of the population died. This agrees with
what Mr. Milne lays down as the result of other observations, that
¢ when the population has been increasing, the mean duration of life
¢ according to the table will be less than the number out of swhich one
« person dies ahnually in that population, but the difference will be
« small except under particular circumstances ;” and again, that the mean
age at which persons die « will fall short of the number of the people
« out of which one dies annually by a much greater number than in
% the case we have just been considering.” ¢ When the proportion of
“ the people dying annually is known,” he adds, “it will not be
« difficult to judge whether a table of mortality for that people has
¢ heen constructed properly from the necessary data; or, what is much

¢« more common and more easily effected, by summation of the deaths
¢« at all ages”* ¢ 'The mean age at death,” it may be lere stated, is
obtained by simply summing up the ages at which people die, and

# By applying this test, Mr. Milne has shown that some recent life tables—the
mode of constructing which has not been explained—have heen constracted from
the ages at death alone-—apparently without any kind of correction.—See Article
“ Mortality ”” before referred to, .
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dividing the number of years b

. . 5 by the number of deaths. It is ,

plt;Iyt that the method is not as accurate as it is easy It is only a
8 errors may be further illustrated by ¢ e URT .

two foreign observations : y compariug the English with

Mean duration Mean Age ¢ De:
of Life. at Il)eat{;f One ilr)le‘lth
England, (1841) - 41 years. 29 yea Livi
< : S, ears, 16 o
ljm.nce, (1817-31) - 10 ,, 34 d s 4,3 Living.
Sweden, (1801-3) - 39 ., 31 i1,
- 2»

11.13 average age of the persons who died, or the “mean age at death,”
wats 34 years in France, 31 years in Sweden, 29 years in En hndt et
we know that the *expectation of life” is greater in Enrrlagna th-’aniL
:Sw&iden or in Franece. A Society that granted life annuities to chi‘ldrell
in ]ur!g]a'nd _}vould have to make 40 annual payments on an average "mg
‘(:n'ly 38 in bwe,r}en. The annual funerals were inversely as the ?";n‘ean
“ uge at death,” or 1 in 41 in Sweden; 1 in 42 in France; 1 in 46 in

England.  Mr. Milne has stated the fact, at first sight paraéoxic-ll that
in an increasing population the average age at death is less an’d :th

:I\Il:gélrl ;1.101'1::1}.1ti}:fless, than in a stationary population having ’the sa-mi
brilcla ﬂytx smll)lo:siblle?. I will endeavour to explain the cause of this as

_The births exceed the deaths in England i '

births 1'egis!.e1'ed amounted {o 512,158:, the, a(?i’;;:sﬂ]t?) y§113 1884:}'1 t']f][(ta'
the population were stationary the births would be 343 847 ".th ’
would maintain the existing population; but the annual exc’eqs e}‘f
168,311 clnldre.n, more or less, which have been thrown for many 3 e‘l(lz'
into the English population has produced a preponderance }og t(l .
youthful over the aged part of the population. Tf the law of mort-ﬂ"fie
had remained constant, and the births and deaths had been e ua(l;'

the last century, it would have been found that on an average a%ouf .‘;) 5
in 100 of the people were under 20, and 14 in 100 above 60 year E;'
age ; but it appears from the last Census that 46 in 100 Wer}e : 1sio'
under 20, and ouly 7 in 100 above G0 years of age. ' e

The people are younger than in France, or Sweden; the mean age
obtained by dividing the sum of the ages of those who die in Englan ?
by the number of deaths is consequently lower than the age at death i
Stvgden and France. But why, it may be asked, is the ‘mortality 1 in
46 if the expectation of life be 41 years? The reason is th:f.it gs t]llIl
increase of the population has been long and progressive :’m excess h ‘
been accumulated of persons between the ages “of 5 a-’nd 55, am a::
whom the mortality is lower than it is among persons of all ages l\\?'r'lf
the reduction in the relative numbers above the age of 60 this ]181
more than compensated for the high rate of mo;?fality amon tll:s
excessive number of children under 3 yeurs of age; and has re{(;’iu 3
the mortality below 1 in 41 annually, which it would be i 't‘he 0 lflea
lation were stationary. As the populations of France and Swedé)n ll)n .
not increased more than half as fast as the XKnglish population ;;lve
diminution of the age at death has been less gonsiderablé tho 1Ie
sufficient to derange all caleulations and all comparisons such as tglgtl'.
of the ““mean age at death ” deduced upon the suppositi,on tha,;: in t]flL
populations compared the births and deaths have been equal he
1110;?&11[(;{ mﬁif’orm,——for a long series of years. e e

The deaths of children under 1 year of age were 74,210 i :
1841, and the total deaths 343,847.y But it must ]10137§(’3 illil(f)'e;l['ledt lils c};&il: '
of this kind, as it has been frequently, and as it always is in tablessgib:'
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at death alone, that 74,210 of 343,847
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1 . he aves
rtality deduced from the ag . 1,210 of 315,50
ﬁﬁld‘rcnydic in their first year. Nothing can be more crroncous: Lo

q + certainly less, and probably more,

o tl)gcgé‘gcd i%llltt]?(t)uﬁhn::;{n]t)len:- %?i-:i?;ﬂi::::? not ’bccn 1rerbri.s'tered, the

H 5192 ; . L4 he b \ o . ' : r 2 :
gilrlt[]llsoof ’512,158 children were registered in l.h(,l) el (llgrli'; .u;gr:% t"?;(‘: z
in 1810. The error is as striking when the deat ;)5 uE ! th)(’a s of 1ge
are compared with the total deaths, instead of the births,m I g
ycﬁs'the reasoning upon ¢ the mean age at death” be CmP!‘)fiCd t‘;
determine the relative salubrity of towns and prof'cs]smn.s a?t‘-\ (lzmln's o
lifferent classes of the community, the nature of the results { ke
e C}I(md' -"ncd The mean age at death is 20 years 1n Englanc > 29
1%:2; yirn 1311e M.etropolis, 34 years in Sul're);; tﬂtlle lrueml;wil); ill?:sa:)l?(:;;l :d
life bei 45 years, so that the error s
Amount & Ille‘;lrl};ﬁ‘lq, 3732}1112 1nonc}lc;lia,yeurs! The rate of increase, ?lfe
ilm?lll_lt to f-‘ﬂ{e‘itllérease ‘of" population, the emigration, the relalilmi.
ot ‘111);10}1 ?f hildren and adults, the mean age of .the living—upon a o’
which Silo « ean age at death” depends—differ in town and in countr)',.
i eit r?:l ‘qndamanufacturing districts, to an extent which renders
any appi 1:,' n ;)f the method to the construction of local life tablps,
:;E{oali?lll):iiltilation of the relative duration oi; lifg,ld1f11“3cu1t;_nfnt(lll :1(::13‘:1 tﬁ;
1f roper corrections be made ; absurd and misleading, 1
e b okt gt 0 S U

s following difier )

trelr.llgll'?ll %gls:ﬁlgon; the relative proportion -of youn%_ anda?fle%-a 11])1(;; 531112
vari s from year to year; certain .professmns, stations, inis ave
‘ai']e ttained b persans advanced in years; and some occupa ons ar
only ffl ]in d ig outh ; henee it requires no great amount of s_.lgam]y
oY ceive. that ;‘Y;the mean ace at death,” or the age at which the
e Percewlfmbe{; of deaths occu?s, cannot be depended upon 1n 1111]\'<-;:st1(-l-
oating tlllle snfluence of occupation, rank, and .professmril uplonqﬁ(l? 1(:) ; 1t1111 !
longevi If it were found, upon an 1DQUIry into the hes ofthe
l(;;ge‘:"lty.f the army on full pay, that © the mesn age at d(ia‘t‘ %L ' o
?‘C(é)?nbetz Tnsions, and Second Lieutenants ? vas %2\%"991'5 5 ?i‘l ’_e.llig-
¢ temnts’ ” 29 z;rears; of ¢ Captains ” 37 years; ofl 6 fﬁjorz a“eg ‘st.ili
of Tieutenant-Colonels” 48 years; of generaP " .Cerqlsl 1 ]DSishnps-
further advanced—and that the ages of Curates, hec ?115, f nd emblé
£ Barri ters of seven years' standing, leading Counsel and vener:
3f dlifirst—lfdiﬂered to an equal or greater extent, 2 strong case (I;u?:] e]t]so
d“ bt be made out on behalf of those young, but early-dy:gg th(:’ cts,
C?lliates, and Juvenile Barristers, whose ““mean age at dea

greatest

after they marry they are not often designated by that title in the
register.  This source of error and the ineresse of population will be
found to affect the estimate of the influence of other occupations. That
the lives of dress-makers are very much shortened by the severe hard-
ships and ignorant mistreatment to which they are exposed cannot he
doubted 5 but false arguments injure instead of aiding their cause.
In a thriving commercial country like ¥ngland there is a general
movement, such as has been noticed in the army and the liberal pro-
fessions—from the lower into the higher ranks of society. The servant
becomes a master; shop-boys grow into merchants or aldermen; the
tradesman retires and ig classed either as ‘independent,” “in easy
“ circumstances,” or a “gentleman,” at the Census, and in the
mortuary registers. But these promotions as a general rule are slow ;
and those only attain the higher positions who live long. If the mean
age, at which masters and servants, the wealthy and indigent die, were
-noted and made the basis of any reasoning respecting the relative health
and longevity of the lower and upper classes, the differences would
cvidently be exaggerated. The exaggeration is increased in another
way ; many poor people are reduced to seek an asylum ai advanced ages
in the workhouses, and are not often designated by the occupations
which they followed in manhood, but by the general name ¢ paupers”:
the ages of those who die in the ranks of their respective trades and
professions are thus reduced to the same extent as the ages of the
paupers who die in workhouses are raised above the average. In 1841
the mean age of 45,507 persons who died in London was 29 years ; the
mortality was 1 in 40; in the same year 4282 persons died in the
London workhouses at the advanced age of 49 years, which they must
have nearly attained before they entered those establishments, inasmuch
as the mortality there appears to have been about 22 per cent., or 1 in
5 annually,* Contrast 49, the “mean age at death,” of paupers in the
workhouses, with other statements, which make the “mean age at
“ death” of the same or a superior class of persons 16 or 20 years.

One in 116 of the boys in Christ’s Hospital died annually, in the 12
years 1831-42; the mean age of the boys who died was 11 years. The
“mean age at death” and the mortality were both low. This illus-
tration, taken from an extreme instance, shows why, while the mortality
is lower, the mean age at death is less in England than in some other
countries. The English population contains more young persons, more
of the age of the Christ’s Hospital boys, than the foreign populations.

The life table affords the most satisfactory measure of the relative
duration of life, either of classes or of different communities. The

der 30! It would be almost mecessary to make them G(?n(iralfia mortality obtained by dividing the deaths by the living at each age, is
!ljslilfgps and J udges—for the sake of ltheirlht(ial:hih T]ifll?) ﬁszlll&::gﬁ ; i:lso ainf ul:nl];nlpeaclri‘zible tei!;; 11% 1ilthetptrellnanna1-y tto tﬁle cic:mtstlructlo:; gf a,
shops, . . iberal that the . rue life table. 1e ratio of the total deaths to the total population
Societies are 2 apg:-g;gpct%nilﬁeggznazge fl:- death, but asgure the lives of affords the next best test that can be employed; if the p%p%]ations
the Shght(::t;)émqu)ll the I;rofessions at the age of 24 UPOH.'dle assumptlmi compared be of the same age, their relative mortality will be correctl
3tfli’zlvxli:n;‘;:riaen;rewill live 38 or at the least 31 yea;s.i aﬁ? pay fg :ﬁfh?ﬁ;ﬁ given bg th:? nlet?ol(il f’ if 'ﬁhl? alges ?1111(1 til;.: rate Sf 1nc;easfe dlhﬁf'ell'l, the
remEms . before they die; while they ma 1ShoDs, mean duration of life will be less than the number out of which one
1 I])_reém um::asg aaei‘;iﬁgivho oo to insure their lives at GO pay as if they ¢ dies annually, but the difference will be small in the increasing popu-
3 -; [} 11 ges’ =
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g {i Jive but 13 or 14 years. ., “ lation.” ‘The “mean age at death,” or pretended life tables con-

45 would live bu here stated that the ¢ mean age at death” of dress- structed from the deaths, without reference to the ages of the living, or

1 It has been SOIPE"I’ low. and this has been adduced as 2 proof of the the ages of the living without the ages of the dying. are, as I have already

Hi * ;nalzegitlisvgxgéggg gog t’hei’r employment,  If the inquiries had’ been stated, only calculated to mislead in inquiries of this kind, unless great
e g R lestr

i t Christ’s Hospital, the
. ding schools, or to the boys & al, the
L'X;,e;iegatg :tozreath%’ would have heen found still lox}rel('l. Mr. (il(;l:]ifi
“ ,ags 4 . . | sority of dress-makers are
: states, in his interesting Repor E, that t.he. 'ma]1 3{ 4 that if they die
i1 hetween the ages of 16 and 265 and it 1s understoo ¢
1§t At Wit o

care and discrimination be employed in their application. It happens,
nevertheless, in some cases that they afford the only resource; the total

* The pauper population of the London Workhouses was 19,412 at the time the
Census was talen in June ; it'would probably be greater in Winter.




AR '_I:\‘,I: :7‘.‘ e

ST

TravIs

o
—=

1)

460 [PART V.

deaths are not registered, or the ages of the living have neverﬂbeer:
enumerated ; the ages at death may then be compared with the, ages at
death of other populations—hknown to be increasing at nearly fl‘t 4'0 S(f'";e
-ra;‘e, or corrections may be made upon the hypothesis of a uniform rate
*increase during a certain number of years, o ‘
° ilrll France, forainstance, where the ages of th(;a hvipfg hg\{)(ieno‘\;c;:i;fc;:
] | y structed a life , .
abstracted, M. Demonferrand has cons able, which
-ery erroneous, from the ages at death ; assisted, ,
D entially vy tho com, aistration of births, and the annual
most essentially by the complete registrat , and the annus
i ] ; ‘ho attain the age of 20. In Ireland,
enumeration of the young men w g and,
i racts have been made of the
he deaths arc not registered, a})st.rac n m: '
:;volr:aesriftthe population; and the Commissioners of the last Irish Cen?us
included in “the personal return a table l]ll Whlu‘:hl e]verly he?:-lre?l : :11
inserf : hs which had ocer ]
« family was requested to insert all the deaths whi .
« f:qilsnf:zmilv wit%in the last ten years, stating {1,1:9 cimse lolf' t?:;htodetillytil;,
: i n additi .
¢ and the age and occupation of the deceased. . ;
the msent tobevery hospital and lunatic asylum forms which were ﬁlllefl
u y From the ases at death thus obtained they constructed &ab es,
. g btaing :
ngich will be found in pages 80-82 of their Report—a Repor I:,A mtzll;y
vemark in passing, which is replete with valuable information. As t 3
p(;pulation of Ireland, notwithstanding the etingratfizxon 9gf:om g on,e “::Cl'iia;li d
i i 31, and 5-25 per cent.1n t
19 per cent. in the 10 years ending 1831,
ig earg ending in 1841, the births must exceed the deaths. The table?,
whi%h could only be correct if the births and deaths had been equal,
and there had been no emigration, are therefore nuP trqe life tables;
and the * expectation of life” deduced from them, “:}ugh zs_ .‘21:9 yea-rts b,';
irth i ’ in the “ecivic” districts, mus
h in the “rural,” and 24 years in ; ' '
Egttlerstated to a certain but unknown extent. The deaths x etullrned for
the year 1840 were 141,536, making the mortality 11n 575 : the ll;et:}:'-r;
is evidently defective, but, as the Commlssmgegs lfofl;;img retgagniit teld
i \ h,” provided that the deaths
will not atfect ¢ the mean age at death, ( eat pred
| d. The Commissioners ha
curred at the same ages as those returned. X
?1?Jtu at their disposalbthe data requisite for calculating the .tr}m
¢ oxpectation of life” in Ireland : the application of the term 1]2 an
inaflgertency rather than an error, and T should not have noticed it here,
if the tables had not afforded some interesting points of comparls;)ln
with the English observations. Tables havehbegn. (;onglucted fl‘(i)l:Ifl. :hg
1 e s the Ilrish es ; an
ths in England, upon the same plan as i ;
dﬁaulation of the two Divisions of the United Kingdom had m::irel?sed
11301? many years at nearly the same rate, or if the en?glx:ffz.tlgn hawe Izebr;
i i ¢ tatione of life,” as :
1y in the same proportion, the expec
](::ﬁltiein for o moment, will be equally erroneous: they may therefore
be compared. The results are given in the following tables.

EXPECTATION OF LIFE.—MALES AND FEMALES.
(Erroneously deduced from the Deaths alone.)

Males. Females.
| iand, : Ireland, | Ireland,
e England Ir(%}%lilél ’ I]]'gu{;gl . England. [ Civie Rural
B0 | Districts. | Districts. i Districts. | Districts.
| |
0 28 24 30 31 24 29
5 42 35 41 42 35 40
0| ’ 29 33
20 35 28 34 36 >
40 25 19 23 22 20 2
60 14 11 13 15 12 12
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Exrrcrarion or Lirr,—Prrsons.
(Erroncously deduced from the Deaths alone.)

! Tvelund, England.
|
Ase.| “0' j wn*lﬁ Brgland | | London,* { London,t
ivie - ury Sngland Lo e s | ondon,* { London,
Districts. | Districts. {| and Wales, { Surrey.| Metropolis. ] Liverpool. | “3u56-37. | 175068,
* ] ' .
T R S B N
0 24 a9 i 29 34 29 211: 19 26
5 35 41 | 42 44 42 36 36 39
20 28 33 ! 35 1 87 33 28 29 29
40 19 23 | 26 27 29 19 20 20
60 11 13 ; 14 15 12 11 12 12

* From Simpson’s Select Exercises. The observations were corrected (?) by Simpson.
+ Deduced from Dr, Price’s Table 13,

¥ The more exret “mean age at death” in Liverpoo! is 20°54.

The “ expectations of life” (if we may call them so,) are the same at
birth in the “ rural districts” of Ireland as in all England ; they are less
after 20, but agree remarkably at all ages with the expectation of life in
the Metropolis. This resemblance between a table of the ages at death
in a city, and the ages at death in the rural districts of Ireland, would
be caused to a certain extent by a diminution in the latter of the propor-
tion of births within the last 10 years, The (erroneous) “expectations
“ of life,” in the “civie” districts agree after 20 with those of Liverpool ;
at birth the expectation is higher in the Irish towns than in Liverpool,
but lower than in London. The * expectation of life® therefore is not
so low as it is represented in the tables of the Commissioners. Judging
from the analogy of the English tables, the expectation of life is less in
Ireland than in England; the inhabitants of the “civic” districts,
perhaps, attaining u mean age of 30 years, while in the rural distriots
they live on an average to 37. The life tables of the Metropolis, and
Liverpool or Manchester, would probably apply to the two sections of
the Irish population ; but this can of course be only conjecture. The
Irish tables may be corrected to a considerable extent by means of the
ascertained rate of increase, and the enumerated ages of the living ; some
of the methods to be employed were investigated by Euler, and are
given by Lacroix in his “'I'raité élémentaire des Probabilités,”* p, 207,
Implicit confidence, however, could not be placed in the results.

It is a curious feature of the Irish tables that the men appear to live
longer than the women in ¢ rural” districts ; and the women longer than
the men in “ecivic” districts, Frenchmen live longer after 20 than the
women, if the expectations of life in the two sexes be equally correct
or incorrect in M. Demonferrand’s tables. In England the lives of
females exceed those of males by about a year—except at birth, when
the difference is greater. In Surrey the females from the age of one
year and upwards live little longer than the males ; the difference is
greater in the Metropolis, where it amounts, at some ages, to two or
three years. This may, perliaps, account for the differences in the
expectations of life deduced from male and female annuitants. Accord-
ing to Mr. Finlaison’s tables—the lives of men are from four to six
years shorter than those of women ; a discrepaney which in its extent is
entirely at variance with all other observations. If the majority of the
annuitants before 1829 were inhabitants of London, and more than g

* Mémoires de I’Académie de Berlin, anno 1760, p. 144,
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due proportion of the women lived in the country, such a discordant
result would however be produced.—(5th Annual Report, pp. 38-46.)

Mean Duration of Life deduced from incomplete Observations—A
publication has appeared professing to give the mortality which has
prevailed among seveuteen life oftices.®* The author, Mr. Jones, states
that ¢ by the liberality of several of the life offices, and the disinterested
¢ yeal and services of a committee of some of the most experienced
¢ and eminent of the actuaries, we have now dala for the construction
¢ of a rate of mortality, not simply of the expericnce of thic Jiquitable
« and Amicable, but of the combined experience of no less than 17 life
« offices, embracing 83,905 policies ; and a rate of mortality has been
¢ adjusted by one cf the most eminent mathematicians on the committee,
¢« from the combined town and country experience, embracing 62,537
« gssurances.”’—(Int, p. x.) “The committee state that ¢ the most
« striking features exhibited in these tables are the great mortalily
% that prevails among Irish lives, and the marhed differcnce in the
« rate of mortality among males an d females. 'The near agreement with
¢ each other of the tables for ¢town’ and ¢ country’ assurances is also
“ very remarkable, considering that no adjustment has been employed.”
« (p. xvi.) The committece very justly observe that their tables
< represent a lower rate of mortality than can be eapected to prevail
“ in a longer period of time than that over which the present observa-
& ions extend s for the average duration of policies embraced in nearly
¢ one-half of the experience is under 5% years; and taking the whole
« of the cxperience together, which includes that of the ¢ Equitable’
% and ¢ Amicable,’” the two oldest offices existing, the average duration
«« of all the policies is not 8% years.” (p. xix.)

These tables are exceedingly interesting, as they show the experience
of the life offices so far as it extends, and the actual effect of their more
or less imperfect selection of lives. It is an objection to all tables
framed in this manner, on the experience of life offices and on annuitants,
that you have to wait 50 or 100 years before all the lives have expired,
and have then, in applying them practically, to assume that ‘the future
annuitants, &ec., will be selected on the same principles, and be placed
in the same circumstances.

The most conflicting results are necessarily obtained by the incomplete
ohservations; thus, while Mr. Finlaison’s Table makes females at 20 live
44-0 years, and males 35°4 years, the Actuaries’ Table presents a result
exactly the reverse: females selected for assurance at 20 have, according
to their table, an expectation of 35-9 years, males of 39°8 years!

It will be observed that the expectation of life among males, by the
English Table, lies between the expectations of life for males by M.
Finlaison’s and the Actuaries’ Tables; it agrees very closely with the
mean expectation of the two tables. The expectation by the former,
at the age of 41, is 2639 years, by the latter 25°42; the mean is 25°901
years; and the expectation of life is 25°91 by the English Table; so
it happens that neither of the tables from incomplete observations
is very incorrect for males. With regard to the expectations of females,
Mr. Finlaison’s and the actuaries’ statements differ fo the extent of

eight years at the age of 20; at the age of 26 the expeciations,
according to the two slatements, are 4017 years and 33-79 years
—difference, 6- 38 years—mean, 3698 years. The expectation of life
for a woman aged 26 is 36°86 years by the English Table; Mr. Fin-
Taison’s result is 8- 19 years above, the Actuaries’ 3-07 years below the

#* A Series of Tables, &e¢., by Jenkin Jones, 1843.
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f“'ﬂl'ﬂ,‘_.';t‘i ()ll'll.lm national table; while the expectation’of life for males
is nearly the same at 26 by the three tables—namely, 35°41, 35°
and 35°65 years, y ly, 35°41, 35°88,

MR RN O . h] . r ¥ -
Dirrerexces from the Iinglish Table, by excess or defect, in the

Iixpectations of Life deduced fr inlai
: ‘ 4 om Mr., TFiulaison’s
Actuaries’ Tables. : latson's and - the

_ M:'\jfs' FEMALES.
Lﬁ{,’ﬁ"g}" 7 Dijfferences hy DilTerences by Lxpecta-
Age.Lafe b BI- | A, Finluie | Actuaries’ jes’ |6 e
AN con's 'l‘ul:i::-. (;f::il)ftl:es A{;}‘l:izl;ﬂ,es 3){11’51;111‘3’33:; Jish T-ah]e'
Yeus Ye . Defect in | Ixcess in
o0 }oare, ear. Year. | Years. Years. Years.
o oo —'39 — 04 —4-95 +3°18 40-81
o :”.}1 —..:7 +°16 -311 +3-29 37-52
30 33- 3 + 04 +04 —92-58 +3-32 34:25
43 ;293 +-34 —*31 —1+92 4332 30°99
¢ 26-56 + 46 —+50 —~1°36 +3-40 27732
L_l.[; 23:3(7) 4 45 —*67 —[-23 +3:38 2443
;;5 fllg.gg ++98 —*61 —1°02 +3°28 2107
;30 13-20 +:47 — 47 —0°85 +3°16 1763
6 Toa6 +.§0 —=12 -—0+62 42+92 14°40
v0 8- + %7 4+ 01 —0-93 +92-48 11-52
.'.5 G'gl +"{1 —*17 —1-10 +1-96 9:03
éO 5 3 439 —*50 —135 +1+54 6:92
92 402 —17 —0'45 +1+30 520

Thus, at the age of 40, the mean fature duration of life is 26°5
years for _mal.es, according to the English Table; or 46 of'l I:Eeyt]:tr-go?'g
by Mr. Finlaison’s Table ; and 0+ 50 years less by the Actuaries’ Table :
:1:]1: t}}tsl sr:'l,‘me age for females, the Actuaries’ Table differs from th(;
- Ilg; \fS 1 Aab'?hl '36 year by defect; Mr. Finlaison’s Table 8°40 years
ﬂy ].?‘ceig.l : e sign -, ]?lees, denotes excess over the expectation by

1e English Talgl.e. The sign —, minus, denotes the reverse.
q TRB expectation of life is less for males by Mr. Finlaison’s than by
he Actuaries l'able up to the age of 30 it is afterwards more; but in
females the difference in the expectation is enormous. .

Difference in the Expectation
of Life by Mr. Finlaison’s and
Age. the Actuaries’ Tubles.
Males. T'emales.
Years. Years.
20 - 45 +8°13
25 - 73 +6°40
30 * 00 . +o0°84
35 + 65 +5°24
40 + 96 +4°76
45 +1-12 +4°60
o0 + 89 +4+30
25 + 94 +4°01
60O 4+ 92 +3-54
E:‘j + 76 +3°40
;(3 + -88 +3-06
73 +1°09 +3-09
80 + 13 +175

The sign 4+ denotes excess of 1l Y i A i
sig : 1¢c expeetation by My, ison’s over
by the Actnaries’ Table, 1 y Mr. Finlaison’s over that
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Although the tables of the «Actuaries” and their remarks, referred
to in this publication are, from some cause not satisfactorily explained,
inaccessible to the public, it would appenr from the statements of
Mr. Jones that the tables are considered by them incomplete, awd
not a safe basis for the guidance of pecuniary transactions. It is
scarcely necessary to add that, although no such great difference in the
longevity of the two sexes exists in nature, it can readily be conceived
that men and women may be selected whose lives differ, or appear from
an incomplete series of observations to difter, as wmuch as the lives of
the males and females in the Actuaries’ and Mr, Finlaison’s Tables.

(5th Annual Report, pp. 338-41.)

Construction of Life Tables; De Moivre's Hypothesis.—De Moivre
gave his name to an hypothesis, according to which the numbers living
decrease in an arithmetical progression down to nothing, at the age
86.# It has been since assumed, as stated by Mr. Milne, that “/he
« number of the living in any year of their age is an arithmetieal mean
« proportional between the numbers that annually enter upon and that
« annually complete that year.”t If 3 deaths occur in a year, upon
this hypothesis, they are assumed to take place “at 2 equal intervals™;
and it is by the same hypothesis that, in calculating the expectation
of life, writers assume that * the number of living of the age of » years
¢ and upwards is less than the sum of those that annually complete
« that and all the greater ages by half the number that annually com-
¢ plete that year of their age”—(Milne, pp. 85-6.) 'This hypothesis,
which is interwoven into all the calculations of interest and of life
annuities, brings them within the range of algebra; for, without the
assumption that the interest of money and the mortality remained uni-
form for some certain definite time, the resources of the calculus must
be called into requisition. The errors which result in life assurance
from the hypothesis of an equul decrement are small and quite insig-
nificant when compared with the errors of observation, and the errors
incurred by the assumption that the interest ¢f money and the mortality
will remain stationary for a long series of years. Still, it must be
borne in mind that the rate of mortality varies (insensibly) every
moment, and that the errors involveil in the hypothesis are greatest in
the first year of life. By making the births the basis of the table
(if the births are all registered), the decrement in the first year, where
the error would, by the other method, be of some magnitude, will be
correctly represented. The deaths in the sccond year of life, ont of
100 constantly living, were 6°503; and, by the hypothesis, 103252
would be alive at the beginning, 96748 at the end of the second year;
the fraction 28Z%%. would therefore express the chance of living the
second year. If 43,104 were alive at the beginning, 40,388 would
le alive at the end of the second year; for 103252 : 96748 : : 43104 :
40388 ; or 287148 x 43104 = 40388. In this manner the series, down
to 5 years may be calenlated. The mortality against the age 5-10),
namely, ‘00935, was taken to represent the mortality of the middle
vear (in this instance 7-8), and the mortality of the intermediate years
was interpolated. As the series is short, and terminates ai 10-15, it
is not easy to test any theory of interpolation, particularly as the
mortality at 10-13 is, T believe, through the error of speaking in tens,
understated. It is improbable that the mortality of 10-15 shonld he
50 per cent. lower than the mortality at 15-20. Neither this nor any

* [reatise of Annuities on Lives; Preface, &c., by De Moivre.
1 Milne on Annuities and Life Assurances, p. 83.
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oth.er‘ table which T have seen, derived directly from observation, is very
sutisfuctory up to the age of 15 ; although the earlier aces must tr,enerally
he known, they have not been so correetly stated at the censuses as
could be desired. Whatever system of interpolation may be 01;11)'10')(0'(1.
howeve_l_', the expectation of life will not be much affected by it from
1 to 15; and the numbers after 15 are quite independent of those
before 15. In framing the Xnglish Table (No. 1), the mortality at
every age was interpolated by the logarithm which expressed the ratio
of the inerease in the mortality ut every year of life; and the chance
]

of living each year was deduced from ———2.
14 1im

Ido not find that Dr. Price ever explained the method of interpo-
lfftlon which he employed in framing the Northampton or Swedish
Tables of Mortality. It was probably empirical. Mr. Milne has
ﬁdduced, n his excellent Treatise, 2 method by which he says, “when
y ?]19 number of the living and of the annual deaths are taken for
“ intervals of several years each, the number of the living in each
“ rarticular year of their age, included in any one of those intervals
~ may be interpolated with sufficient exactness.”* e has also given,
in the eighteenth table of his work, “the logarithm of the fraction
“ which measures the probability that a life of an assigned age will

survive one year, according to the Carlisle Table of Mortality.”
(5th Annual Report, pp. 349-50.) >

A Shore Method of constructing Life Tables—The arithmetical
labour involved in the construction of correct life tables, showine the
living at every year of age, is very considerable. But for a great man
purposes the number surviving every five years, after the five first anﬁ
the expectations of life at those intervals, furnish quite sufficient i,nfor-
mation. These results were obtained by employing the following

method in caleulatine the life tables £ ‘ :
. ) a or the N .
Liverpool :— o e Metropolis, Surrey, and

Up to the age of five years the method is the same as that already
descﬁlbeq,]' and it was thus found that of 30,521 boys born in Surre
43,637 11\'13_& year, 41,857 two years, 40,704 threc years, 40,031 fom,-
years, 3:9,0_0_0 five years. The next point was to determine how many
of the 39,550 attain the age of 10 years. The living enumerated at
the age 5-10 were 13,588, the deaths 145; and after the proper

correction the mortality 2 was ascertained to be +01050; so 7 =

1 —1m 99475 | '
1+ Im = {00598 = 98955 the probability of living

005625, and

one year at the middle of the period, or at seven and a half years of
1 —Lm\s -
T ;m) = p;,5 == the probability
?f ’]ivi.{]g the five years from the age of 5 to 10; and (-98955)° =

94885; which, multiplied by 39550, gives 87527 = the numbers
surviving at the age of 10.

age. But it may be assumed that (

* Aunnuities and Assurances, p. 100,
T See previous extract, p. 464,
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If the calculation be continued down to 15, 20, 25, and every fifth
year to the end, the following table will be obtained :—

Surerey Lifg TanLe—Males (1841).

Quinquennial Quinquennial
Age. Living.  Periods + Llm. Age. Living. Periods + 3m.

0 50,521 476,444 40 20,822 179,047

. 45 28,069 149,225

1 43,637 50 25,973 121,156

o 41,857 55 93,892 95,183
3 40,704 60 21,459
4 40,031 65 18,235
' 70 13,976
3 39,550 425,923 75 9,836
10 37,527 386,373 80 5,393
15 36,469 348,846 83 2,031
20 35,338 312,377 90 290
25 34,061 277,039 95 58
30 32,742 242,978 100 11
35 31,189 210,236 105 2

Add up the column headed “living ” to the number 39,550 (against
the age 5 years), and the sum will be the number of five years—of

39’2550 = 19,775. Sub-

lustres—which- the 89,550 persons will live 4-

traet, therefore, 19,775 from the sum 425,923, and 406,148 will remain ;
which, divided by 39,550, gives for quotient 10°269 Iustres as the
expectation of life at that age. A lustre is five years; consequently
the expectation of life in years is five times 10-269, or 51°3 years.
If 425,923 be divided by 39,550, the quotient will be 10°769 ; and
10°769 — -5 = 10-269, the same result as before. The expectation of
life will be found to be 345 years at the age of 30.

The number of living at every five years except the first, deduced
by this method, may be considered nearly correct; the expectation of
life is slightly overstated by the assumption that the living at the ages
5,6,7,8,9,10; and 10, 11, &e., are series in arithmetical progression.
The error does not exceed one-tenth part of a year from 5 to 60 years
of age. At birth, and after 70, it does not exceed half a year, which
may be subtracted as a correction, But by calculating the number
surviving every yesr up to the age of five, a sufficiently close approxi-
mation to the expectation of life at birth will be obtained. The years

of life under five are EO, x 256,300 = 213,583 ; and the years of life,

after the age of five = 5 x (425,923 — 19,775) = 2,030,740, and
2,030,740 + 213,583
50,521
Surrey.
A life table still shorter may be constructed by taking intervals of

1 — Im\¥ . .
T<im) The errors in the calculation of the

expectation of life from the living at every tenth year, can be corrected.
They are always of the same nature. If we take the numbers ¢ living »
against every 10th year from the English Table, it will be found that
the excess of the expectations of life, ranges at the ages 10 to 50, from
‘110 2 or *3 of a year. At birth the true expectation will be obtained
very nearly by subtracting one year from the expectation, derived from
the decennial table.

By adding up the column headed “living,” in the subjoincd table,
dividing by the first number 100,000, multiplying by 10, and sub-

= 44-4, a boy’s expectation of life at birth in

10 years, and using (
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tracting 5, we obtain 42°05
obtam 42°05 years as the expeetation of lif ich 1
too much by nine-tenths of a year. . e, which 35

470,530

Years.

Age 0 5oGo0 X 10=47°05; and 47-05 — 5 = 42+05
True expectation of life 41°1G
Error -89
370,530
Age 10 frs X 10 =52'47 ; and 5247 — 5 = 4%7+47

70,612
True expectation of life 4744

[P

Error 03
DECENNIAL LIFE TABRLE.~—(From the English Table.)

Years. Living. Expectation of Life.
0 100,000 4205 — *89 = 41°16
;g 70,612 4747 — +03 = 4744
20 66,059 40740 — +06 = 40-34
30 90,332 33'76 — *08 = 3368
10 53,825 2723 — 09 = 27°14
.,0 46,621 20°67 — *12 = 20°55
6 37,996 14°23 — 23 = 14°00
70 . 24,531 9:29 — 51 = 8'%8

| I Il I
80 9,398 = . o
= 5 =

_ 2 <

£ 5 !

90 1,140 g R 3
g g

2 g

100 16 o 2
=3 3

o
5 5

‘ (5th Annual Report, pp. 362-5.)
Mean Duration of Life in Metropolitan Districts.—When sufficient
tlata have been collected, it is proposed to calculate the mean duration of
Il‘fe, or the expectation of life, for different parts of the metropolis
Several corrections have to be made. The following is a specimen of a
Decennial Life Table for two districts. It was con?puted and corrected
(in the manner already described)* on the population and deaths of 1841,

ST. GEORGE, HANOVER-SQUARE.
Decennial Life Table. Expectation of Life.
Age, Persons. Males. Females, Males. Females.
18 100,900 51,949 48,051 374 397
5 63,732 33,011 30,721 470 502
20 60,434 31,176 29958 39-5 425
20 57,178 29,016 28,162 32-1 340
40 52,266 26,097 26,169 952 26-2
50 45,451 22,279 23,172 187 1940
60 36,048 17,926 18,122 12-2 13:1
70 22929 10,493 11,736
80 6,502 9,942 3,560
90 601 329 272

* See previous extract, p. 465-7.

GG 2




468 [PART V-

WHrrECcuaAPEL,
Decenniol Life Table. Fxpeetation of Life.
Age. Persons. Males. Females. |  Muales. Females.
' 5 : 310 34°3
0 100,000 50,991 49,009 / .
10 5821 25 29:141 28,984 +1 : b g._: ‘ (i
20 55,464 27,720 2'5,744 g? -: 0;’ :9
30 50,773 24,847 25,926 -,11 ; 53-1
10 - 43,865 20,917 22,948 ; .1..- 9 | .1-(3 -
a0 35,369 . 16,186 19,193 .,. 108
60 24,024 11,245 12,21 9 i 10+9 2
70 13,458 5,721 7,737 |
80 4,004 1,345 2,659
90 ' 399 137 262
: 3 : |

- h ),
when the mortality was lowin both districts. The deaths in blt. Ge'm'g(ﬁ:
Hospital and the London Hospital were all excluded, exccpt_t]le 1)110;') 3
tion ot the several ages due to these districts, in common with others
which there were no hospitals. (5th Annual Report, p. 443.)

Properties and Applications of Life Tables ; Dr. Price’s I;}a{lacze;'.;:
The applications and uses of national llfe.tables are almos _mnn.l‘.”
able; without an intimate knowledge of their properties 1t 1s impossib e
to determine the laws of population, which are the bases of ftatg::tlcl.:,z ?l
to reason upon such matters without falling into great errors, oi W tie 1,t
it it were not invidious, too many instances might be cited from curren
works on population and public health. I therefore strongly 1'13(:'01;1-1
mend the student to maké himself master of this subject, by a oarefu
perusal of the writings of Halley, Deparcicux, Demoivre, S\I'Fl?:-‘)::’
Price, Duvillard, Baily, Milne, Gompertz, Davies, Edmonds, De Mor gan,
Babbage, and others. _

A gare,at improvement in the life table, sugges_ted by C]-grratlrg: 31112
invented by Halley, was made in 1806 by Duvillard. | ii.[‘:: e“ e
covered the advantages of an analogous construction in calcula 1n.f 1]

- annuities; Mr. Baily explained some of 1311.e uses of' the n?lw‘(f(.)_ u;n ,
and showed its applicability to joint life tables in the descrip 101;
of Barrett’s method, appended to his ¢ Doctrine of Life Annuities zw}rlu
¢ Assurances ” (1813). Mathien has given for some yoars, 1’111 he
“ Annuaire de France,” a table deduced directly from Duvillarc 15 n.(;,“-‘
eolumn (S.y) ; it is the develnpment, as Matlneu‘remarks, of as 1'(')1“9;11
table in Duvillard’s work.* Mr. Griffith Davies, adopting DBarrett’s
method, extended it, und facilitated its application to the calcu]in.tlon
of life annuities and assurances, in a small and very useful vo]ume
— ¢ Tables of Life Contingencies ” (1823); w.hl.ch “Z;l‘j ta1 h:wel )ee'nr
iollowed by *a more extensive work,” containing “a New Theor Y
« of the Doctrine of Annuities and Assurances,”—unfortunately never
completed. Mr. Davies’s views have been, however, developed 111‘.lthc,;
work of Mr. David Jones on Annuities; and De Morgan has deser )e'(
the construction, arrangement, and use of the new tabular form in two

* Analyse et Tableaux de PInfluence de la Petite Vérple, p- 123 ; 1806': Dlizll]:tl;:%
states that his table, which is evidently constructed on imperfeet data, was presentec
to the Institute, An. 'V of the Republie.
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clegant. papers inserted in the Companions to the British Almanac for
1840 and 1812,

The Lnglish Life Table shows, out of 100,000 children born alive,
the respective numbers of males and females horn, and the numbers
attaining each age, or birth-day, from the first to the 110th, according
fo the rates and laws of mortality, deduced from the Returns of the
Population, Births and Deaths in England ( 1841). Thus, in 100,000
children bhorn alive, 51,274 are boys, and 48,726 girls ; 33,060 males,
and 32,464 females attain the age of 21; and 11,824 males, 12,708
females, live to 70. The males and females are not distinguished in
Halley’s Tables, in the Northampton Table, or in Mr. Milne’s Carlisle
Table. Dr. Price constructed three life tables from the Swedish
observations ; one for males, another for females, and a third for “ males
“ and females collectively.” * He made 10,000 males and 10,000
females the bases of his male and female tables; to which there can be
no objection, except that the construction does not show the relative
numbers of the two sexes born, and living together at each age. The
table of * males and females collectively,” is constructed from the other
two tables, upon an erroneous principle, which Dr. Price lays down,
and thus illustrates :—* I'able 44 shows, that of 2,701 males living at
“ 60 years of age, 560 will die in five years ; and that of 3,167 females
““ living at the same age, 588 will die in the same time. From hence
it may be casily deduced, that of 2,930 persons living at 60, consisting
one half of males and one half of females, 576 will die in the same
time. The number, therefore, living at 60 will at 65 be reduced
to 2,354 ; which number must again be supposed to consist one half
of males and the other half of females, and the proper decrement
for the next five years deduced in the sume manner from Table 44.
“ And it is in this method that the whole of this Table (45) has been
“ constructed, which, therefore, must exhibit more accurately than any
other the probabilities of living among the general mass of mankind,
consisting of males and females taken collectively.” Granting that
the 2,930 persons at the age of 60 consist of an equal number of

males and females, we shall have the following results, according to
Dr. Price’s data :—

14
'Y
113
14
[
£

(14
£

| Persons. Males. Females.
Living at the age of 60 - - 2,930 1,465 1,465
Dic in the next five years - 576 304 272

Actually living at the age of 65,
according to Dr. Price’s facts 2,354 1,161 1,193

Living at the age of 65, according
to Dr. Price’s new supposition 2,354 L177 . 1,177
Errors in the supposition - + 16 — 16

Dr. Price arbitrarily substituted 16 males for 16 females at the end
of five years, and proceeded to caleculate the reduction in the next
quinquennial period on 1,177 instead of 1,161 males, and 1,177 instead
of 1,193 females. As the mortality of males in the five years is greater
than that of females (at the age G0-65, the ratio is 207 to -186), the
mortality is exaggerated, and the same error pervades the whole table,
and the subsequent tables of the value of annuities on single and joint
lives in general; for it is evideni that if annuities were granted to

* Price’s Works, by Morgan, 7th edition ; vol. ii., pp. 406-414.
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cqual numbers of males and females, at 6O or any other age, the
excess of surviving female annuitants could not at the end of every five
years be arbitrarily set aside and replaced by males.®

The Swedish Table of Mr. Milne is free from the errorsf of the dis-
tinguished writer who had the merit of first constructing a national
life table, and shows the numbers of males and females who complete
every year of age out of 10,210 males, and 9,790 females DLorn in that
kingdom. It is, thercfore, to this eminent man that we arc indebted for
the first correct national life table. The numbers in Mr. Milne’s Table 5

10
multiplied by 10, and those of Table 4 multiplied by 5, (01' Tf), may be

compared with the English Life Table; the basis of which is 100,000
children born alive = 51,274 boys + 48,726 girls. The numbers in the
English Table are connccted by simple laws, derived directly from and
representing the mean results of the observed facts; it terminates, if we
descend no lower than unity, naturally at 103 ; but, according to the
same law, more than two in 10 millions born see their 108th birthday.
The registers give a proportionally greater number of centenarians ; bub
the evidence of these advanced ages is almost always unsatisfactory, and
it was thought right in this instance to deviate from the obscrvations,
and to carry out the table according to the law deduced from the more
numerous and more accurate statements of the carlier part of old age;
the result of which is a middle course between the tables of old writers,
that terminated at 84, 90, or 96 years, and the recorded instances of
very advanced age. (6th Annual Report, pp. 524-6.)

Mortality in Increasing Populations—It is frequently stated that
the proportion of deaths to the population is raised in an increasing
population by the excess of young children, among whom the mortality
is greater than it is among adults ; but this is not borne out cither by
experience or by theory. The mortality amoag males in England is
2-29 per cent.; three births are registered to two deaths, and the
mortality would be 2-49 per cent. if the births and deaths were equal.
The solution of the following question may throw some light upon this
subject.

A population has been stationary and the mortality the same for a
century. The births, which had been equal to the deaths, are suddenly
increased in the proportion of 8 to 2, and remain the same, or one-half
more than they had been. How many annual deaths will occur to
100 living of all ages, assuming that the law of mortality remains
invariable ?

Taking the English Table for males, the radix of 51,274 Dirths will
hecome 76,911, which will in 10 years add 192,593 ($(%.0) to the
population, originally 2,059,501 ; but the deaths to the 192,593 at
that age will be = 1Dg,;,, = 7,855; and the ratio of the deaths to
the population will be 59,129 : 2,252,094. The formula will be in all

1
3:: i ig:'y; and by making y successively 0, 10, 20, 30, 40,
2013
50, 60, 80, and 165, and taking tlie numbers out from the table, ihe
following results are obtained :—

cases

# Di. Price’s Swedish table of mortality is printed without comment by Baily
and Mr. David Jones. Baily has since adverted to the error.

+ Milue on Annuities, &c., Tables 4, 5, pp. 566, 569.

S
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Popidation e
maintained Il }lClC{LS{!_ of Annual | Annual Annual
by the ori- olg)ut:lt ion ' Deaths in} Deaths Total Mortality,
ginal number| vy tho , Tolal the ori- | inthe A 0 “,1

of annunl |, inereaseof | Population. | _ ginal new | ot T
Yours| (Jirthe - FT R A el I B T (Y
(= 51,274). y 101 Cent. | in

Do+ {100D.| Q
QO ?lQO I v Qo + :15Q0 1, D %‘D 0 = =
20|y o J2Yly | 1p,, | T Q. | D

0 2,059,501 — 2,059,601 | 51,274 — 51,274 | 2490 | 40

‘1)0 3,05?,?01 0 192,593 | 2,252,094 | 51,274 | 7,855 59,129 | 2-626 | 38
20 ..,05.),‘:01 365,23§ 2,424,739 { 51,274 | 8,975 | 60,249 | 2-485 | 40
30 g,059,201 524,9?:;) 2,584,426 | 51,274 |10,400 | 61,674 | 2°386 | 42
fO ..,0?9,.:01 969,163 2,728,664 | 51,274 |12,065 | 63,339 | 2-321 | 43
.{ﬂ 3,0.)9,-)01 195,683 | 2,855,134 | 51,274 |13,949 | 65,223 | 2-284 | 44
60 ..,0.:39,?01 901,922 | 2,961,428 | 51,274 [16,233 | 67,507 | 2°280 | 44
80 | 2,059,501 | 1,019,083 | 3,078,584 | 51,274 |23,479 | 74,753 | 2-428 | 41
106 | 2,059,501 | 1,029,751 | 8,089,252 | 51,274 |25,637 | 76,911 | 2-490 | 40

‘The mortality of the new population in the first 10 years is much
greater than 02490 ; after 20 it becomes less, and the aggregate mor-
tality remains less than 02490 until the constitution of the population,
in respect to age, is restored to its original state.

If the births, from any cause, increased in a geometrical progression,
and the rate of increase were » annually, the column D would become
(I4+7Y . D+ (147 . Dygy+ (1422 . Dygg + . . .. (142)% . Dy;
and all the other columns of the table being derivable from D, it is
evident that, the law of mortality remaining the same, the numbers dying
(C,) and living (P,) would, relatively to the total numbers, be increased
at the earlier ages, while the proportion of deaths to the popuiation
would be diminished. If the increase were temporary, the contrary
result might be produced,

The annual mortality of persons of all ages, and of persons of the age

of 20 and upwards is neaﬂy the same, for

D 2
-Q—: is nearly equal g“o. If
20

the population of a city were for a century recruited partly by emigrants
from the country at the age of 20, the proportion of deaths to the
population would not be much disturbed by that circumstance ; but, if

the immigrants entered at 25, the apparent mortality would be increased,
for D, + ]222 I_)_O h =

Statistical Methods for determining the relative Health and Mor-
tality of different Classes of the Population.—It is universally admitted
by persons acquainted with the subject, that the relative mortality of a
mixed population, consisting of persons of all ages in different propor-
tions, can only be accurately determined by ascertaining the proportion
of the deaths, in a given time, to the living at the several quinquennial,
or decennial periods of age; and that the mean duration of life attained
by such a population can only be positively and econveniently ascertained
by a construction which is called a “ Tuble of Mortality,” or a ¢ Life
¢ Table.” The two series of facts—(1) the living at different ages, and
(2) the dying at the same ages, are not always known ; and two methods
of approximation have been proposed and employed in such cases with
various success,
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The first method is this : 'The ages of those who die are added up,
and the sum is divided by the number of deaths; the quotient is the
“mean age at death.” The health of two populations and their mean
lifetime are supposed to be in the ratio of the “ mean age at death ™ so
obtained. ‘This method was first employed in the 17th and 18th cen-
turies, before any Census of the population was taken; and certain
corrections of the errors in its results were proposed by Dr. Price in
the construction of the Northampton Table; which, deduced from the
deaths at different ages in All Souls’ Parish, gave the “mean age at

- ¢ death,” and not the “ expectaiion of life,” in Northampton.

The other method of determining the relative mortality which has
beer employed in the present century by statists is equally simple : the
mean population is divided by the annual deaths; or the proportion
dying in a year to 100 living of all ages is found; and the relative
mortality of two districts, or counties, is thus compared.

The two 1nethods are subjeci to error from the disproportion in the
numbers of young and old people, which may arise from the marriages
being earlier or later, from emigration, immigration, and a great variety
of causes, besides the mortality. In an increasing population, with an
excess of children and young adults, the “ mean age at death” is reduced
in a certain ratio to the rate of increase, and there 1s nothing to neutralize
the tendency or to diminish the error. By the second method, as the
mortality is highest in the first year of life, and lowest about the age of
10-15, there are two elements in an increasing or decreasing population,
acting in an opposite direction ; the introduction of an excess of children
under four years of age tending to raise the aggregate mortality, on the
one hand ; on the other, the excess of young persons above five years
tending to depress it below the average. The inquirer who has made
himself master of the nature of a life table, or even takes the fact just
stated into account, can have no difficulty in deciding upon the relative
merits of the two methods.

Adttention has been latterly attracted to the health of towns, and of
particular parts and streets; and, as it may be hoped that the vast
importance of these difficult local inquiries will induce those who have
entered upon them to prosecute their researches with renewed vigour, I
have endeavoured to state, in a popular manner, the best method of
determining the relative mortality, and to point out the fallacies to
which the old method of the “ mean age at death” is peculiarly liable.

If 100,000 persons born at the same moment were followed through
life, the mumbers that died in each year of age noted, and the sum of
their ages divided by 100,000, the average ages which they lived would
be obtained. It would be the mean duration of their lives, or what is
often called their * expectation of life.” Say that it is found to be 41
years. If another 100,000 were taken in worse circumstances, dealt
with in the same manner, and their average duration of life were found
to be 26 years, you infer.that life is shortened 15 years in the latter
eircumstances, ' _

By taking the population living in the middle of a year (1841 for
instance) at each age—O-1, 1-2, 2-3, 3-4, 4-5, 5-10, &c., and the
deaths in the same year at the same ages, we find how many die in each
year of age out of a given number living ; and can caleulate, therefore,
how many will arrive at the age of 1, 2, 3, 4, 5, 20, 30, &c. years; or
determine the true mean duration of life. This was the method
which Dr, Price pursued in framing the Swedish Table. This was
the method which Mr. Milne pursued in framing the Carlisle Table.
Everybody admits that this method gives as correct a result as can be
obtained. . .
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If there is no emigration or immigration, and the births and deaths
are nearly equal for 100 years, the © mean age at death ® will coincide
with the “mean future lifetime ” or the expectation of life. Thus, if
the births and deaths had for a long time been equal in England, all
persons borz had died in it, and no strangers had entered, or if those
who entered were of the same age as those who emigrated, * the mean
“ age at death ” would be 41 years; but the births exceed the deaths
more than 50 per cent., and the “mean age at death” in England,
instc:'td of 41 years, is 29 years, while it was 83 years in Mr. Rickman’s
time !

Wh'en tested, the crror in the result by this method is 12 years in 41
years !

But it may be asked, Will not this method serve as a meaus of com-
parison, where there are not the data, nor skill, nor time requisite for
caleulating the true duration of life? Does not this method give
results more accurate than those deducible from a comparison of the
“proportion of the deaths to the population ?” To this the answer
must be in the negative. Neither method gives the true mean duration
of life. Nobody pretends that the latter does; but it gives the nearest
approximation, for, as a general rule, wherever the mortality is high the
duration of life is low, and the reverse. I know no exceptiou to this
rule. In the last Report instances were given in which the indications
ol “the mean age at death > are altogether erroneous; thus, the “ mean
“ age at death ” is higher in France, where the true duration of life is
lower and the mortality higher than in lingland.

I 2 3

Mean Life-

Mortality : or | “Mecan Age at | time; or the

onc Death Death.” “ Expectation

of Life.”
England (1841) - « | In 46 living 29 years 41 years.

France ”» - - 412 34 40 » (9)
Sweden ,, - - - 41 31 39
Metropolis ,, - - 41* 21 S 37
Liverpool ,, - - - 30 21 ,, 26
Surrey (exﬁ:x-Metropolitan) - 52 34 45 5,

* One in 39 was the average of five years, 183842,

The last column gives the true mean duration of life ; where this has
not been determined, the method, of which the first column contains the
results, gives an approximation, sufficiently near for many purposes, to
the relative mortality. Thus, according to that colummn, we should
arrange the six classes of people in the following order of healthiness :—

(1) Surrey, 52 ; England, 46; France, 42 ; Sweden, 41 ; Metropolis,
39 (average of five years) ; Liverpool, 30. '

And this is the order in which they are placed according to the
expectations of life, which are as follows :—

(2) Surrey, 45; England, 41 ; France, 40; Sweden, 39 ; Metropolis,
37 ; Liverpool, 26.

Let us test the method of the “mean age at death” in the same way,
by substituting the numbers in the second column for the others :—

(3) Surrey, 34; France, 34; Sweden, 31; England, 29; Metropolis,
29 ; Liverpool, 21,
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Now, according to this method, the French live five years longer
than the English, and the duration of life is the snme in the metropolis
as in all England, The method, like a 1_-ougl.1 and very bad instrmnent,
aives you some idea of the thing which it pretends to measure, hut
its indications are, in many cases, entirely wrong. II;_ ne_lthel_' gives
the true duration of life, nor the relative duration of life in different
circumstances. ) . - _

Up to the date of the first edition of Dr. Price’s book, the method (of
which that of the “mean age at death” is a rude fragment), was the
only one in use ; the deaths could not be compared with the poprlation
of Loundon in the 18th century, because the population had not been
enumerated. Dr. Price’s Table, and the previous Table of Simpson,
eave the “mean age at death,” as deduced by them from the London
Bills of Mortality,* with a correction for the adults who came to settle
in London. Dr. Price believed that the births did not, in ]11§ time,
exceed the deaths in England, and upon this hypothesis, which he
supported very ingeniously, the “expectation of life,” and the ‘)‘1_ne:m
« aoe at death,” would have been the same. Halley, Simpson, Price—
all the areat writers on the subject in the sixteenth :u}d.seveuteenth
centuries—could not obtain returns of the ages of the living, and had
to calculate their tables from the deaths alone’as given in the Bills of
Mortality then in use. To aveid the errors introduced by comparing
the ages at death of populations in which the births and deaths arc not
equal, they expressly selected towns, &c., in which they were led to
believe the births and deaths were mearly equal. As the populations
of England and Europe formerly increased very slowly, their tables
(of Breslau, London, Northampton) are not very erroneous at advanced
periods of life. . .

Mr. Milne’s viewst have been misunderstood and misrepresented ; ‘he
distinguished (1) The ¢ mean life,” or “expectation of life.” (2) The

[ % 9-5-Riq
-

mortality expressed by the numbers out of which one death oceurred
annaally ; and (3) The mean life deduced from the deaths alone, or the
“ mean age at death.” Thus in 1801-5 the true “mean duration of
life”” in Sweden, he says, was 3939 years; one dicd annually iu 4090
living, and the * mean age at death” was only 30°86 years in the same
period. Mr. Milne shows, from ten examples, that the two first sets of
numbers are the same in a stationary population and differ slightly in
an increasing or decreasing population. He shows that -the “ages of
death » differ from these two sets of numbers in an increasing popula-
tion: thus in Sweden the difference was 40°90 — 30°86 = 10-04 years.
In other instances the difference amounts to 6, 7, 9, 10 years; in
England it is 12 years. _

Mr. Milne says, ©“ When tables of mortality are constructed from the
« numbers of deaths only in the different intervals of age, without com-
“ paring them with the numbers of living persons in the same intervals
« % % % ¥ gnd the population is increasing, the number of years in
the mean duration of life from birth (‘ages of death’) will fall short
" « of the number of the people out of which one dies annuaily (* propor-
« < tions of deaths to the population®) by « much greater 9m?nb.er than in
« the case we have just been considering, of the table of mortality having
¢ been properly constructed from the necessary data, as the following
« gtatement will show.” (Here follows a table with 10 examples
showing the differences.) |

P

* Price’s Works, by Morgan—the London Tables; also Simpson on Annuities,

p- L. ) ]
+ See Art. “ Mortality,” in Ency. Britannica.
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Mr. Milne’s Carlisle Table of mortality,” as he explaing, represents a
population in which the births are equal to the deaths, and in which
there is neither immigration nor emigration, such as everybody knows
docs not exist in nature. All correet life tables are constructed upon
the same hypothesis, and herefore admit of comparison. Tables might
be constructed representing populations in which the births exceeded
the deaths, or the contrary; Lut they would not admit of comparison
unless the births bore the same proportion to the deaths in the two
cases.  Such tables would not show the survivors at each year of age
out of o given number horn, or a given number attaining any age ; the
probable duration of life could not he caleulated from them, nor the mean
duration of life. '

The “adjustment,” which makes a life table represent as nearly as

possible the progress of a human generation year by year through life,

has been employed upon the same principle that astronomers “reduce
“ as it is termed, all their observations, both of right ascension and
“ declination, to some common and convenient epoch.” * * « By the
“ termn correcting or equating the observation for nutation,” says
Herschell, “is always understood, in astronomy, the getting rid of a
“ periodical cause of fluctuntion, and presenting a result, not as it was
“ observed, but as it would have been observed, had that cause of
“ fluctuation had no existence.”

The method of the “ mecan age at death,” taking the erude results of
observation on a population subject to fluctuations in births and deaths,
immigration and emigration, only furnishes.true results in a perfectly
stationary population ; while with the tables deduced from the propor-
tion of deaths at cach age to the living at each age—the method employed
in the construction of the Swedish, Carlisle, and English Tables—
“ Whether the population be stationary, or increasing, or decreasing,
and whether such changes be produced by procreation, mortality, or
migration, or by the joint operation of any two or more of those
“ causes, provided that the mode of their operation be uniform, or
“ nearly so, and not by sudden starts, the law of mortality may be
“ approached near enough for any useful purpose by actual enumeration
“ and the Bills of Mortality.”}

Several illustrations were given in the last Report of the errors pro-
duced by applying the “ mean-age-at-death” method to fluctuating
populations. In many cases, the mortality and unhealthiness of two
classes of persons are inversely as the mean age of death, Without
entering into any mathematical details, T will now show that the ¢ mean
“ age of death,” considered as a measure of health, must give erroneous
contradictory, exaggerated results.

The mean age of death is determined by adding up the ages of all the
persons whose deaths are registered in a parish or other register—say,
during a year—and dividing the sum of the ages thus obtained by the
number of persons who lived those ages. The error consists in the
assumption that this average age represents the average age which
the inhabitants (the same rate of mortality prevailing) will live, or the
average age which would be obtained by following 1,000 children, born
in the parish, through life, adding up the ages which the 1,000 attained,
and dividing the sum by 1,000. The results of these two methods are
the same in a stationary population, and totally different in an increasing,
decreasing, or migratory population. The population is increasing in

(1
(14

# Art. “ Mortality,” Ency. Britannica,
T Herschell, Astronomy, p. 174.
T Milne,
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almost every district of England, and there is o constant flow of popula-
tion to the towns. ‘To show the cftects of these movements, I give two
or three extreme instances.

(1.) Let us suppose that in two contiguous parishes, equally healthy—
A and B—all the children are bornin A and remain there up to the age
of 20, and if they die ave registered in the parish regisier; that at 20 all
the survivors emigrate year by year to I3, and when they die are registered
by the clergyman of B in his register. Now if the mean age of death
were taken in the parish 4, it would be abont four years (according to
the present rate of mortality in England), while it would be 60 years in
the parish B. The numbers living, out of which one death would take
place annually, would be 1 in 43 in A and I in 40 in 3. The mortality
and healthiness, taking the difference of age into account, would bhe the
same in A and in B, Notwithstanding the difference of the mean age
at death produced by emigration, a comparison of the deuths with the
living at each age would demonstrate, ithat although the deaths of none
above ticenty were registered in A, fwo in every three born in A sur-
vived the age of 20, and died at more advanced ages elsewhere. In B,
as none died under 20, it would be inferred that none entered the parish
under that age.

The emigration of a part of the adult population to towns produces
an effect of precisely the same kind, though to a less extent.

(2.) In the former illustration, the births were supposed to be equal
on an average to the deaths in A and ID; and the error in the mean
age at death would be got rid of by combining the deaths in A and B
in one table, instead of placing them in contrast. Suppose the two
parishes united—that after a stationary stage, through the women
marrying earlier and in greater numbers, the births rise from 1,000 to
2,000 annually —while the salubrity, and the mortality at the respective
ages remain precisely the same: what would be the effect of an abstract
of the parish registers 20 years after the increase had set in? Why
that, without any increase in the mortality, the deaths under 20 would
be doubled ; and the mean age at death, instead of being 41 years,
would be less by many years. The comparison of the past and present
mean ages at death in the united parishes would be absurd; so would
the comparison with any other parish in which the increase and
emigration had proceeded differently. But upon comparing the deaths
with the living at each age—as by the hypothesis the living under
the age of 20, as well as the deaths under the age of 20, would be
found twice as numerous in the year as they were 20 years ago—
the ratio between the two would be found to be the same; the
survivors year by year, and their expeectation of life, could be
determined. With regard to the proportion of deaths at all ages
to the living at all ages, a sort of compensation would be produced
—the excess of infants under 5 years of age tending to raise the
relative number of deaths; the excess of persons from 5 to 50, and the
diminished proportion of persons above 60, having a tendency exactly
the reverse.

In England, during the whole of the present century, there have been
more than 3 births to 2 deaths; and the result, as has been shown,
has reduced the mean age of death to 33 years in 1831, and to 29 years
in 1841; while the real duration of life—the expectation of life--is
41 years, and has varied little. The number living to 1 death was 46 in
1841, and 45 in the preceding four years.

(3.) Take a street (C) in a town, where, from the erection of new
factories, or from any new field of labour being thrown open, a con-
siderable number of young men and women have been attracted within
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the lnst 10 or 15 years; there is a demand for the labour of children ;
murringes take pluce 5 nearly all the young couples have children, two,
three, or four in n family. Take another street (D) inhabited by
artizans, whose business.and numbers have remained nearly stationary,
and tradespeople who have succeeded to old shops established by their
fathers ;—Suppose the salubrity of the two streets, and the rate of
mortality at the corresponding ages, the same,—it is evident that as the
street C contains no old people, and the mortality in the first two or three
years is always relatively high, the deaths registered will be ar early ages
—the mean age of death low; while in the street I, the deaths will
many of them be at old ages, and the mean age at death relatively high.
If all the inhabitants of the two streets died in one year, the mortality
would be the same. Yetf the mean age at death would differ in the same
ratio as the mean age of the living. The same results would be pro-
duced by the death of one thirtieth of the inhabitants in each strect.
The cases which have been put will enable us to understand such a case
as is said to have occurred in Leicester, where the mean age at death
was 131 years in the undrained streets, and 231 in the drained streets.
That the real mortality was higherin the one elass of streets than in the
other is probable; but this is not proved by the method, for the
undrained streets may be new streets, inhabited by young people—a
part of the 8,600 in 46,000 not horn in Leicestershire; while the
drained streets may be old streets inbabited by the old inhabitants of
the town.®* On account of the system of compensation which it involves,
the method of comparing the total deaths to the population of the streets
gives results nearer the truth ; but no one aequainted with inquiries of
the kind would place much confidence in any other method, as applied
to particular strects or small districts, than that upon which the Life
Table is founded—the comparison of the numbers living with the
numbers born and dying at the several periods of life. 1n the Registrar-
Greneral’s Report, the mortality is only given for statistical districts of
an average population of 50,000.

The correct method, to which I haveso often adverted, yields uniform
consistent results; and next to this in accuracy is that obtained by
the proportion of the deaths to the living among numbers, or over a
time, sufficient to obviate crrors liable to be introduced by accidental
fluctuations.

‘The papers of Mr. Xdmonds in T%e Lancet} may be referved to as
carly models of the methods of determining the relative mortality of
particular localities, and at particular ages, both with complete and
imperfect data. See also Mr, Chadwick’s Paper ¢ On the best mode of
‘“ representing accurately, by statistical returns, the duration of life,” in
the Statistical Journal, vol. vii., p. 1; and the following Paper in the
same Journal, p. 40, “On a method recently proposed for conducting
“ inquiries into the sanitary condition of various districts,” by
Mr. Neison, who has given several striking illustrations of the results
of the new method.—(6th Annual Report, pp. 570-6.)

Relative Duration of Life among Males in Manchester and in
Lngland.—The mortality of Manchester and Liverpool is nearly the
same, or only differs at scme ages; it is rather the highest at certain
ages in the former town. The cnormous extent of the mortality in
both these large places is appalling. The excess over the mortality
of Surrey shows to what an extent it is unnatural and susceptible of
remedy.

* T find, upon turning to the Census Returns, that the populations of some of the
new and old streets in Leicester differ in the manner described.
T See The Lancet volumes for the years 1833-39.
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Rerative DuraTiON of Lire among MALes in MANCIESTER and in
ALL ENGLAND.

Manchester. England.
Manchester
below the Average.
Precise Age, Expectation of Life.
Years. Years, Years.
v 24-2 40°2 160
1 331 46-7 136
10 40°6 47°1 65
20 333 399 66
30 266 331 65
40 206 266 6:0
50 15-2 200 4-8
60 10°3 136 33
70 68 85 1-7
80 46 4+9 *
90 3:2 - 2.7
100 1-2 1:5

* The facts for JIANCHESTER are too few to admit of a comparison after the age of 80.

The mean duration of life among Males in MANCHESTER is 24°2 years, or 16°0 years less than
40°2 years, the duration of life in all ENGLAST. = .

By another method the expectation of life at birth is 25°5 years in MANCIESTER.

Many of the irregularities in the columns of the life table from
which the expectation of life in Manchester given in the above table
has been calculated are from crroncous statements of age; the ages
guessed at being almost always referred to the round numbers 20, 30,
40, 50, &c., make the numbers in the corresponding quinquennia
excessive. These errors are not of great importance, and have not been
corrected in this table, which, by a very simple arrangement of the
facts, enables us to answer very readily many questions relative to the
population of Manchester. The mean age, for instance, of the people of
Manchester, males and females, is 25 years ; as is shown by dividing the
number of years lived (4,141,701) by the number of persons (163,561).
The mean age of persons above 20 is 38 years. Other properties and
uses of the Table are sufficiently obvious~—(7th Annual Report,
Pp. 329-39.)

Expectation of Life; afterlifetime—Expectation of life is an in-
correct term : the time which it is expected a person will live is the time
which it is an even chance he will live; it is the vie probadle of the
French, and is correctly expressed by ¢ probable lifetime.” The after-
lifetime can only be the same as the probable lifetime on Demoivre’s
hypothesis—tihat the surviving form an arithmeticai progression. The
term * expectation of life,” first used by Demoivre, is correct, on that
supposition, which is, however, in itself quite erroneous. The idea
intended to be expressed by “expectation of life” is the mean time
which a number of persons at any instant of age will live after that
instant : itis the Irench vie moyenne ; and this technical idea is strictly
and shortly expressed by afterlifetime, a pure English word, formed on
the same analogy as afterlife, aftertimes, afterage, afterhours. See the
words in Johnson. Among the examples he quotes are,— _'

“ What an opinion will ¢fterages entertain of their religion 7’—

Addison.
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“ So smile the heavens upon this holy aet,.
That afterhours with sorrow chide us not.,”—Shakespeare.
“ You promised once a progeny divine
Of Romans, rising from the Trojan line,
In aftertimes should hold the world in awe,
And to the land and ocean give the law.”—Dyryden.
Todd adds “afterlife” from Dryden, Heywood, and Butler. ¢ Afterlife -
the remainder of life.”
“ All of o tenor was their afterlife,
No day discolored with domestic strife.”—Dryden.

The afterlifetime of men at the age of 30 is 33 years by the English
Life Table : 33 years is not the precise time probably that any one of
that age will live, but the average time that a number of men of that
age will live, taken one with another. Age + afterlifetime = life-
time. At 30 this is 30 4 33 = 63, the average age which men now
aged 30 will attain, At birth this is 0 + 40 = 40; when Zifetime and
afterlifetime are the same thing. The lifetime simply, without the
addition at @ given agye, will serve to express in one word what is often
improperly called the capectation of life at birth : thus the lifetime of
males in England is 40 years, the lifetime of males in Manchester is
24 years. Those who from habit prefer “ expectation of life,” can
always substitute it for afterlifetime; from the use of which in this
paper no ambiguity can arise,—(8th Annual Report, pp. 27 9-80.)

Englisk Life Tables, Nos. 1 and 2.—The Ninth Report contained an
elaborate series of tables, showing from the returns of deaths in the
seven years 1838-44, and from the Census returns of 1841, the mortality
of males and females at different ages in England and Wales, as well
as severally in” the 11 divisions, 44 counties, &ec., and 324 groups of
districts. The population was 15,914,148; the deaths in the seven
years 2,436,648. A second English Life Table for males during this
period has been constructed, as well as several new series of tables of use
in all the ordinary operations of life insurance. The Life Tables (1and 2),
it will be seen, agree very closely, although the one is constructed on
the deaths in 1841, the other on the deaths in the seven years 1838-44 ;
the population of 1841 serving as the basis of bhoth.

Resurrs deduced from the Two ExcLisu Lire Tanres (Males).

Ages.

0 10

5
<

30 40 S50 60 70

Afterlifetime or Expecta-
tion of Life :—

(1841) English Table, No.1| 4017 | 47°08 | 3988 | 33'13 | 26'57 | 2003 | 13859 852
(18358-44) » No.2| 40°36 | 47-47| 39'99 | 38321 | 26°46) 19°87 | 13°60| 855

Anmual Premium to in-

sure 1007,:— £ s dl|e s. d'€ 5. dle 5. d)£ s d|€ s dl€ s. dlf s d.
English Table, No.1-12 5610|1 &6 oj11111{2 1 121|214 %817 ¢|l¢ 2 %10 3 ¢
. N0.2-25714511182-09214-1131886271020

Present Value of Annuity
of £1 (payable at the
end of every Year) :—

English Table, No. 1 « | 18°2167| 23'0333 21*1765] 19°1347; 16°7200| 13°7365] 10°0398] 66516

» No. 2 - | 182660 28'201-‘2|v 212334} 19°1943! 16°G6S9] 13°6272] 10°0572( G'6SS7
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Various methods of graduation were tricd.. . The abstracts of t!l(l‘
population for 1841 distinguish the numbers living at cach quinquennia
period of life, and the abstracts of deaths ave taken at corf'espo'ndll‘n;{
periods, except in the first five years of age, when the rate of mo;J ta n.?
varies so rapidly that every year and even month is marked by a ol ung(.[.‘
But by a careful examination of the facts it was found that the ratc o
mortality in decennial periods, after the age qf .lo, .furmshes 'th.e Ill:lstz
satisfactory basis for determining the series of {ractions to exp fss' .u,.
probabilities of life. At the earlier ages the mortality for auch yem
was directly deduced from the returns, and, after careful (.:ompimlusoln,
the first series of logarithms was dl‘ll.WI-l gradually into the secon -t "
second into the third. At another time I hope to be able to (llS(,]l.lSS
in detail the various methods of graduation, and to descnbs, that
which was found most successful in practice. (12th Annual Report,
pp- i-ii.)

Old and New Northampton Life Tables ; C:az'lisle Table ; Fape-
rience Table—Life tables have been constructed in two ways :— N

(1) By a comparison of the de«ths and the h'vc':rz g at each age, .wmc%a

oives the rates of mortality and survivorship. ”I‘ables so constructed,
in the words of Dr. Price, “ must be correct. ‘

(2) From the deaths alone, or with reference only to the ages at

which the deaths have taken place. Tables so constructed are
only correct if the “ population® qf the place among whom the
deaths oceur is stationary, if the births and deaths are equal, and
if there is no disturbing migration for a century. It was in tlnsl
second way that the Northampton Table, from the want of better
materials, was constructed by Dr. Price.

I was enabled to obtain data for construeting two new Northampton
Tables; one on the plan of the Northampton Tables by ,I,)r. Price, in
common use, the other on the plan whieh ¢ must be c;)rrect. -

It is a remarkable circumstance that the new Northampton Table
(2) which was constructed, like that of Dr. Price, on_the deaths alm;o,
yielded similar results. The mean lifetime, or duration of hfg:, by t‘l(!
table of Dr. Price was 25°'18 years, by the other table 24-88 years ;
and the same agreement in the resulting expectation of life, the \‘alﬁucs
of annuities, and the premiums of insurance, is maintaincd z}t all flgea.[

But the correct Northampton Table, deduced from the Census Ug the
living at each age in 1841, and the deaths in the seven years 1838-14,
differs entirely and largely from both the other ta.b—lfs ; thus, the mean
duration. of life in Northampton is found to be 37°57 years, or thirteen

ears longer than it is given by the untrue table; and at all the earlfer
aces the values of annuities and the_ rates of premiums, by the‘ t1 u(i
tz?ble, agree generally with the English and other tables, consti ucteitl
from adequate data, but differ totally from those based on th?- olc
Northampton Table, on whic}:)h S0 tlarge a tggrt of the insurance business

"this hitherto been transacted.

o E:ul: zzl;r‘;t;);ix ig,le paper referred to that the lifetime in Northa,mptf‘)n.
was about 30 years when Dr. Price’s observations were taken, whereas
it is now 371 years® ; that the town gf)ntalfled then, as it does now,
reat numbers of Baptists, who .1°epudlate mf'z'mt I.Japtlsm, and thIIT,
consequently, by reducing the ratio of the. chrlstemng:s to the blltlb,
induced Dr. Price to believe that the population was stationary, although,
as shown from other sources, it was, like the staple shoe trade of th?_
place, constantly increasing. Dr. Price assumed that the population o

* Reg. Gen. 8th Report, pp. 277-348,
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the parish was kept up by immigration, and that all the immigrants
enfered at the age of 20; as a correction for this disturbance he was

induced to alter his facts, and the alteration had the effect of increasing
the error of the original table,

Dr. Price had not the data for constructing u true Northampton
Table; for this reason he failed. e constructed from. proper datn
a Swedish Table, which is nearly correct; and he recommended, in
the first instance, his Chester Table, which is less erroneous than the

Northampton Table; but the directors of the Equitable “ judged it less
safe,” -

The deaths, Mr., Morgan says, were afterwards found to be one third
less in the Equitable experience than the Table indicated,

Great injustice has been done by the use of this Northampton Table ;
which, in mutual offices makes one member pay 40, 30, 25, 20, or 10 per
cent. more than the premium which is required to secure a poliey of
the same value, and distributes the surplus thus acquired unequally.
The old offices, which have used the Northampton Table, have a great
difficulty in setting themselves right. By its use the proprietary offices
have exacted enormous and unequal premiums from the portions of the
community who happened to be ill-versed and ill-instructed in the
intricate science of life insurance.

A false life table can be defended by the same arguments as a depre-
ciated currency ; and the substitution of a correct table causes the same
kind of disturbance in the value of the shares of members as a re-coinage
of clipped money, or & return from a depreciated paper to a metallic
curreney, introduces into the value of commodities and securities. The
Northampton Table has still silent adherents, but few open defenders ;
and some of the old offices have, greatly to their credit, since the error
in that table has been placed beyond doubt, abandoned its use,

The Carlisle Table was deduced from two enumerations of the popu-
lation of the parishes of Saint Mary and Saint Cuthbert, Carlisle; the
first in January 1780, when the inhabitants were 7,677 and the second
in December 1787, when the inhabitants amounted to 8,677, namely,
3,8€4 males and 4.813 females. The deaths in the two parishes were
1840, males 881, females 959, in the nine years 1779-1787. Tt is now
well established that the mortality in towns is understated at the age
15-85, when they are entered by healthy immigrants from the country :

of whom many reside while they continue healthy in comfortable “ situa- -

tions” as domestic servants, and when they are attacked by consumption
return to the country to die. The fact that the females in these
parishes exceeded the males by nearly 1,000, and the great excess in
the number of persons (1,501) of the age of 20-30 over those in the
town of the age of 30-40 (991), indicate the character of the population
with tolerable distinctness. Some of the irregularities in the graduation
of the Carlisle Table may be referred to the limited extent of the obser-
vations; for the deaths in each decennial period (20-90) only ranged
from 89 to 173 in number.

The “ Experience” Table is the result in part of a highly praise-
worthy effort which was made by a Committee of Actuaries to collect
all the extant observations on the mortality of persons whose lives have
been insured. The Equitable and the Amicable Life Offices had before
published their experience ; and had thus offered a valuable and liberal
contribution to the science of life insurance. The Committee of
Actuaries induced the following 14 offices out of more than a hundred
then existing, to contribute but not to publish their experience :—the
Alliance, British, Commercial, Crown, Economie, Guardian, Imperial,
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Law Life, London Life, Norwich U.nion,. Promotgr, Scottlsh1 \I\"ulo“.'ts
Fund, Sun, Universal, and the University.* (12th Annual Report,
pp. iv-vi.) o -

Selection of Lives for Insurance—When life msur:.mcehw:lf 11] Se
commenced, in the absence of experience 1t was unct_:rtzlxllt whe (133 ll)e
rate of mortality among persons who insured their lives ;vou e
higher or lower than the rate of mortality prevailing in the nati
generally of which they formed a part. o

Dr. Price anticipated an excessive rate of mortality n msmt:lm(?e
societies, for he says :— Those persons will be most for ﬂ)mgbt_o tmst,e
« establishments who have feeble constitutions, or arc subject _(f
¢ distempers which they know render their lives particularly pr‘ec:'mousli
¢ and it is to be feared that no caution will be sufficient to prevent a
¢ danger from hence.”{

Mr. W. Morgan in 1829, after fifty years experience al.;s- act}lary in
the Equitable Life Office, thus expresses himself on this su _]efgt .—-k. ,

¢ Between a number of select lives and the general mass o rpdan {H(
« the difference in the rate of mortt.lhty.wﬂl at first be considera “y
 in favour of the former; but this difference will be contmg: y
¢ lessening, till in process of time it will vanish altc.)get}lller,' as_tl b;s
 found to have done among the lives of long standing in the L‘lqm @ 'le
« Spciety. Should any institution, therefore, of this kind, 1r§1.t 1e Eza}l ‘_y
« period of its existence be tempted, by the higher pro})abl 1t3r Ot ife
¢ among its members, either to reduce its premiums ol to adop any
« other violent measures for impairing its resources, the.conseq.u(tences’,;
« though not immediate, must ultimately terminate in disappointmen
¢ and ruin.”’f .

Mr. Milne, after much experience, also observes 01]11 ’ch;z3 sar.r}[e bslu}j)']sv(:it; 1§1
¢ Although the members of such a society [as the qlm able en
 they first enter are select lives, they are not even then ?of mtil;h
% better than the common average as many persons suppos? ; for : e
¢ more precarious a life is, the stronger 1s the inducement dm.'p]itr ies
« interested in its continuance to get 1t insured, so tha[’r. ]iJ'a"“S s are
¢ frequently offered to such companies. And many proposa s for i?:};)liani?;
¢ are accepted by the directors that are not thought vel_)fri e 1?){ (:;‘¢n
% the time, in cases where they are not aware of any SI.)efl ;: (; Jefg i(])
« to the life proposed. Besides, it is to be cons1dele(‘ _tha o]l 1e
« pumber in a society at any one time but a small proportion (E.and a_v‘e
« been recently admitted, and in a few years from the time of admis-
« gion the members will generally have come down to the common

»
“ grerage of persons of the sume ages.

i cperi : inted and circulated,
* A few copies only of the ¢ Experience’ Table were prix d ¢
it a Aeai;‘r exc]:)lusivelyyamung the insurances offices. Unlike the Equitable ami
the Pgmicable societies, the Directors of the 1nsurfflzllc_:? companies I(lyawiongf:p% fy
1 i e insurance, or
evinced such an anxiety to promote the science of h ;

i ic with 1 i ht reasonably be expected from a
the English public with information, as mig s © expected from
nlightened and so anxious to promotfe the general gooC.
gzllist: ii) tlf::e 1t%ext are derived from the subjoined works, and they agree ;IOSEI'Y
with the similar results derived from the Equitable experience by Mr. Morgan,

tly by Mr. Peter Hardy :
an%.ilzfic‘gonytingency Tables. By Edwin James Farren. Tart L ‘
A Series of Tables of Annuities and Assurances, By Jenkin Jones.

Tnsurance Magazine.
+ Works, vol. i. pp. 176-7. ' o
IA Vie:v of the Risc and Progress of the Equitable Society. By W. Morgan,

FR.S., 1829, p. 46. o .
$ Human Mortality, Encyclopedia Britannica, vol, xv., part 1., page 555.
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The cffect of sclection is now well known, and the facts have been
investigated by Mr. 1. Farren, who has separafely deduced the
mortality among insured lives during the first year, and the mortality
among the same lives in the first as well as subsequent years ; he has
also compared the results with those derived from the first Enolish
Life Tuble, ;

The mortality per 1,000 at 5 ages is thus given.*

Among insured Iives. Among the

Are. gcnural.l\{ale.

g . First and Population of
First Year. subsequent Years, England.
30 - - - 6584 8:732 10-220
40 - - 8588 10-796 13-195
50 - - - 14-595 16-398 16-994
60 - - 28-368 31082 31°441
70 - - - 54382 62676 67001

| A C ' P

After eliminating the influence of selection over the first year
Mr. Farren concludes that the rates of mortality of persons insured
“ would not particularly differ from those prevailing among the male
“ population at large, taken indiscrimately without regard to health.”

The observations of the most distinguished writers, these recent
investigations, and the nature of the case, clearly show that in the
present state of our knowledge the National Life Table—or a table
derived from the same facts—is the soundest and justest basis of the
life insurance business of the couniry; for if there is a disposition to
pass an undue proportion of “bad lives” into an insurance society,
such arrangements can be made as, when skilfully conducted, reduce
the mortality below the average of mankind in general. Any favourable
result of this application of technical skill may be set down as legitimate
profit, for if such skill is not applied the mortality will be above the
average of the nation, and the result “loss.”

The selection of lives is not yet fully understood, but it may be
broadly stated that 27 in 1,000 men of the population, of the age of 20
and under 60, are suffering from some kind of disease or other ; that
several of the diseases are of long duration, that others are recurrent,
and that some are hereditary ; that consumption, the most, common fatal
disense, lasts on an average two years, although it varies considerably in
duration ; and that cuncer, another form of chronic fatal disease, is
much ‘more common in women than it is in men.f On all these grounds
it is evident that selection will diminish the mortality in the first year,
or two or three or four years subsequent to its exercise. As age
advances the influence of selection increases; and in this way it is
stated that a former Governnmient incurred heavy losses by the sale of
life annuities on old lives to unscrupulous speculators.

Investigations seem to indicate that selection under the existing tests
is more effective in the case of females than in the case of males; and
that it is not safe at present to insure females at lower premiums than
males. (12th Annual Report, pp. vi—xi.)

* The Chances of Premature Death, and the Value of Selection among assured
Lives. By E. J. Farren, 1850, Part L., p. x. and p. xiii.

T Walshe on Cancer.
HO 2
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Rise and Progress of Life Insurance~—Up to the 17th century the
population of England experienced at intervals periodical plagues which
destroyed a thivd or a fourth part of the population of London and of
other cities ; at the same time the intervest of money continued G per cent.
per annum, while it was 3 per cent. in Holland and Italy—a decisive
proof, in addition to historical examples of the bad faith of the times,
that in this case, as in nearly all others, the excess in the rate of
interest over 3 per cent. is no more than covers the risk of the eluss of
securities on which the high rate of interest is charged. The average
duration of human life, and its modifications by age, were then unknown.
In such a state of things life insurance on any solid rational principles
was impossible ; nor is there any proof that the social condition of the
people of the 17th or any previous century, was such as would indunce
them to insure their lives extensively for the benefit of their families.
After the revolution, and the establishment of the Bank of England, the
financial state of the country became settled; and the Government
borrowed money on life annuities but on very disadvantageous terms.
Men began to have confidence in each other, and the way was opened
to investments for long terms. Halley constructed a life table, and
inserted it in the Transactions of the early and glorious days of the
Royal Society. Demoivre, Simpson, and Dodson, in their works, showed
its practical application to all questions in which money payments are
dependent upon human life; and the doctrines of life insurance were
extended by the financiers of Holland, Germany, and France. Sweden
contributed its national tables. Dr. Price, Mr. Morgan, and the
directors of the Equitable Society, in various ways, gave a great impulse
to life insurance at the close of the 18th century. Mr. Pitt mitigated
the injustice of his income tax by exempting from taxation that part of
the income which was paid as premium for insurance; a modificafion in
favour, he said, ¢ of those who have recourse to that easy, certain, and
 gdvantageous mode of providing for their families by insuring their
¢ lives.”* The fire offices commenced insuring lives. The Equitable
advanced rapidly, and new offices were established. Baily enumerated
15 life insurance companies in 1813 ; Mr. Babbage analysed 32 in
1825, thirty of which engaged the attention of 528 directors. The
science received considerable accessions by the writings of W. Morgan
and Baily. In 1815 Mr. Milne’s admirable work appeared, containing
a systematic and original digest of the science of life contingencies, which
has been extended, modified, and enriched by the analyses and contribu-
tions of Barrett, Griffith Davies, De Morgan, Gompertz, Iidmonds,
Galloway, A. Morgan, Ansell, Neison, Jones, Sang, and other English
as well as foreign writers. The number of offices which now exist
exceeds 150 ; and the knowledge of insurance is extending in every
direction.

The whole of the commerce of the country turns on coniingencies
which demand the application of scientific observation and calculation ;
and as English agriculture has its chemists, English commerce must—
to keep pace with it—ultimately employ actuaries, to calculate the risks,
which are now only roughly guessed at; and thus extend the uscful
sphere of an important scientific class of men at present almost peculiar
to this eountry.

" .Her Majesty’s Government, by facilitating that part of their
undertaking which life offices have hitherto found to be attended with
most. difficulty, namely, the exhibiting of such accurate, clear, and
frequent statements of their financial condition and progress as may

* Speech in the ITouse of Con_lmons on 14th December 1798.
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inspire the public with entire confidence in the success of their arduons
ezlgngcmmus—wﬂl contribute to their prosperity, and will tend to make
Tngland, what it has alrendy partly become, a great emporium for ‘the‘
highest class of securities—policies on lives,

11 ’ g . . . -

Ihe families of the classes living on wages are still in nearly the same
condition, as respects life insurance and a provision against infirmit
and age, as the professional and middle classes in the last century ; bu{
the stimulus which the facilities and security that the Govermment (’muld
afford, would undoubtedly induce them, in the course of time, to make
such a provision for the future as would be satisfactory to their own
minds through life, preserve them from humiliation in old age, and in
the cvent of untimely death sccure as an inheritance for their ,widows
and fatherless children a decent livelihood, instead of a life of anguish
infamy, or crime.  (12th Annual Report, pp. 1-lii.) ,

Coustruction of the English Life Table No. 3.~The English Life
Table No. 3 was caleulated in the General Register Office with the help'
of the Scheutz calculating machine, and was based upon the (ensus
enumerations of 1841 and 1851, and upon the 6,470,720 deaths resistered
inthe 17 years 1838~54. It consists of three parts, or three Life Tables
each of seven columns ; the first part for Persons, consisting of such proi
portions at each age of the two sexes as are produced by the births; the
second part for Males; and the third part for Females. The base of
the Table for Persons is 1,000,000 children born alive; and as boys
and giris were born in England during the period of observation in the
proportions of 511,745 hoys to 488,255 girls, these numbers were made

}'?b'll))lecl.ively the bases of the Male Life Table and of the Female Life
able.

In the Synoptical Table the numbers of the males and females living
and dying at each year of age are given as they would exist in a popula-
tion under the law of birth and mortality, found by direct observation
to prevail in England and Wules, undisturbed by emigration, by excess
of births over deaths, or by any other element of that kind,

The males, we find, if there is no emigration, exceed the females in
number in infaney, in childhood, and in manhood up to the age of 53
when the women after the age of childbearing enjoy a firmer hold on
life, and die at a lower rate than the men ; so that the number of women
of 53 and upwards exceeds the number of men of the corresponding
ages. The males are to the females of all ages as 20,426,138 to
20,432,046 ; thus proving decisively that the disparity in the n,umbers
of the two sexes of the English population is due exclusively to
emigration.

The Male and Female Life Tables were constructed independently :
that of the Persons was obtained by combining the other two in one.

The Life Table is based upon the observed rates of mortality at
different ages in England and Wales.

The rate of mortality-—or, in a technical sense, the mortality-—
expresses the ratio between three elements: (1) men living ; (2) time ;
and (3) men dying. - ’ ’

The men living, and the tsme expressed in years, multiplied into each
other, produce the years of life with which the deathsare compared. A
year of life is the lifetime unit. It is represented by one person living
through a year. Any number of persons living, one at a time, in
continuous sucecession through a year, yield also one year of life. There
arce 525,949 miputes in o year ; and 525,949 persons living through one
minute also enjoy one year of life, T

IO
s e wars 1m

T e i — e e

B idd oo ety et

- - R o~ - -
: 3 A - L. - N om ot e T - - o e o— gt N
D gl S st b SR AN 1 gkt Ferh ey - - - = z = — =
- - - P —— ) - ) . . “-
] T T e T e s . e e —yeae it Ity YT B S E S P e Ay SR S e
] = = S as — e N I T T e m =~
T I A T s T - = P —p————— - = - - "
o= = 3 = o N I R, - s . o :
PRI .. - . L R . . . . " n
- . . N S . . .o Coo o . ' H EE ‘ . - . . i o o . s ) ’ S ' ' ' ' ¥
re ’ ' K ' foe S " . R Lot - B . . . ) . . T e ! A : . . . . . . E . i L . v Ot . . .o
S, B L . s A T i . . . oo . . ) .. o . i
[T o T p————— _ | - ‘
b e s e I e e i oatttorg oty PR T R e mme, e EE——— o =, r fromr e

T

ATy TR

N T AT T T R T S T S AR T i

I
4
|
i

J
5
|
1.
i
i
1
]
H
i)
I

R




486 [rAnT V.

The years of life are determined by cnumerating the .l)fapulut-ion at
certain points of time, and thence deducing the numbers living through
the time.

"The following four eases may be distinguished :—

1. The population is known or is assumed to be stationary. Thus a
population of fen thousend living through fwo years, yicelds lwenly
thousand years of life. Let the population be P, and the years .0{' life 7
then in @ years, y= 2P in all these cases. 1lere w may be an Integer or
a fraction. .

2. The population increases by equal numbers in equal times ; that is,
it increases in arithmetical progression. 1f the population is 4000 at
the beginning and 6,000 at the end of a period, the mean population
will be the sum of these numbers divided by 2, that is, 5,000; \yh!ch
will also be the population in the middle of the pgriod.' 5,000 multiplicd
Ly the intervening years gives the ycavs of life. Thus if Iyis the
population at the beginning, and P, the population at the end of 2 years;

P.—D,
p = =2

imes b othesis. The population at- the cnd of any time is
?’ine; })?{ }[l-ygm And dy =th}) dx + rxde is the differential of the

— annual inerease; for the increase (») is equal in equal

M
lifetime, from which we have Dby integration y. = & Pot+roy= the

Z
years of life = the population in the middle of the period (Po + 7 15)

multiplied by the years (¥) over which the observation extends.

3. If the population fluctuates much, and frequent.enumerat.iogs are
‘made, the mean of cach successive cou.ple of enumerations, .multlphe(l by
the time, expressed in years and fractions of a }'e.ar,.wﬂl give nearly the
years of life. When the numbers at the beginning and at » equal
intervals of time are ascertained, the half of the extremes added to the
intermediate terms makes a sum which, divided by one less than the
number (z + 1) of enumeraticns, gives the mean population. -

4. 'The population of a country naturally increases in equal proportions
in equal times, or in geometrical progression; for this is a necessary
result if the increase also increases. Thus, let a population represented
by 1 become 1 - ¢ in the first year; then:— .

1214221 4+i: A+ x (142 =.1 4274 2
Thus the increment of (1 + 2) is 2 4 2°; the ¢ growing out of the
population represented by 1, and ¢* growing out of the population repre-
sented by ;. The population in two successive equal intervals of time
willbeintheratio12142:1+ 22+ ¢*; and tl.ie arithmetical mean

' ., v . .
of the first term and the third term =142 + 55 which in a short
time, or when % is a small fraction, differs inappreciably from the middle

2]

term (1 + ), for theg-may be neglected. And so it is if the mean

of several terms is taken. The result, therefore, in such cases, differs
little from the result which is obtained under the second head.

The division of the average annual deaths by the arithmetical mean

.. [d .
population of the extremes, understates the mortality = m), which

varies inversely as the population. For the same reason the division
by the population living in the middle of the period overstates the
mortality. The shorter the period the less is the error; indeed the
two values approximate indefinitely as the period is shortened, and as
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the ratio (r) recedes to unity. Kither divisor may be employed where
great precision is unattainable, or is not required.

The meun population existing at the two points equidistant from the
two extremes—in 1841 and in 1851—is near the true mean population
living through the 17 years 1838-54. By taking these years the
error in the years of life is reduced to a minimum,

Thus the mean population of the age 15-25 was by the different
mecthods :—

MALES :—
Y »991,550 = true mean population, on the hypothesis
that the population increased in geo-
P, + P metrical progression at a uniform rate.
Lé__ﬁ.l.z 1,591,618 = arithmetical mean of the population living

>+ p in 1841 and 1851.
Aty 1,595,424 = arvithmetical mean of the population living
2 at the beginning and end of the 17
years.
7 P, = 1,589,606 = population livieg in the middle of the
period. A o

The annual rate of mortality-is determined for the several periods of
life by dividing the deaths at each age by the contemporaneous years
of life out of which they occur. If P represents the years of life enjoyed

Ly men of the age of 20 and under 30, and d the corresponding deaths,
d .
then p=M= the annual rate of mortality among the men of that age.

100 72 = the annual rate per cent.

AVERACGE ANNUAL RATE of MORTALITY in EXGLAND and WALES
in the 17 years 1838-54.

Acrs. PEnRsoxs. MaALEs. - FEMALES,
All Ages - 02245 02328 02165
0- *06738 07250 ' - ~(6228
o~ *00916 * 00920 -00911
10~ * 00527 * 00517 *00538

15— * 00838 00822 00853
25— +01028 + 00999 *01055
35— 01277 -01283 < 01270
45— 01715 *01851 ‘01587
35~ + 02992 03183 © +02816
65— 06319 *06689 +05999
5 =14027 *14758 + 13437
85~ *28820 *30136 *27915

95 and upwards *43501 *44031 43223

The rate of mortality at each age is thus deduced from the deaths
registered at that age, and from the population of the corresponding age
enumerated at the Censuses. Now it is generally admitted that the
ages of a ceriain number of women are understated ; and I had to
consider what correction was necessary upon this giound.

The probable extent of the error in the statements of women’s ages,
it was shown in the Census Report for 1851, is not considerable; but
as the effect of the error is not always understood, some explanation is
necessary.
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"The English Life Table is not dedueed from the population or from
the deaths alone, but {rom the ratio the one bears to the othier at
different ages ; and to display the effect of transfers from one age to
the other, assume that the following numbers represent the exact
numbers living and dying at the three ages 25, 35, and 45.

FEMALES.
Annual Rate of
Age. -
.. Dying in a Mortality.
Living. Year.

(=) P,. d,. Ml g
25 313,095 3,024 *00966
35 281,506 3,279 *01165
45 247,434 3,555 -01437

The mortality, it will be observed, increases as age advances; so that
if all the women of 35 were returned as ten years younger than they
are, the mortality at the age 25 would be overstated ; the excess being
-00199. But there is less chance of women of 35 being returned at
death as 25 than there is of their being so returned at the Census; and
the corrective effect of this excess in the proportion of women at the
Census transferred to the earlier ages is apparent, on inspection of
the formulas below. d represents the deaths, P the population, » the
mortality, and r'° the increase of the rate of mortality between the ages
25 and 35. Thus—

ds; d; dy

10 - p—
=My 5 5 ="My S S = Mg
P, * 7 Py ? Py ,

It is evident that an increase in the population and a decrease in the
relative deaths transferred from 35 to 25 might reduce the error to
insignificance. From the numbers living at several periods of age a
series representing the numbers living at each year of age was obtained
by the method of finite differences; and from these numbers again
the living at the ages 25-35, 35-45. . . . . were obtained.
The residuary errors affecting the values m, are, it is believed,
- inconsiderable.

Upon comparing the female rates of moriality with those of males,
and the rates of progression in the mortality of the two sexes, I have
come to the conclusion, after carefully weighing the facts, that this
correction is adequate ; that the rates of mortality represent very nearly
the mortality of the female population; and that the probabilities of
female life, deducible from the mortality, are substantively true.

The rates of female mortality are in singular accordanece with those
deducible from observations on males; the mortality of females being
slightly higher at the ages 10 to 35 than the mortality of males at
home in England.—(Introduction to English Life Table, No. 38,

PP- Xiv—xxil. )

Constitution of a Life Table, or Normal Population.—The con-
stituent individuals of a population are its elements; and the population
is normal when its elements, arranged in corresponding groups, are in
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the same proportions as the eclements of the Life Table. The births
= deaths in the same time; to a given number born, the living at cach
year of age are in the same proportion as P, to /,; the rates of mortality
are the same ; the population lives a number of years after each age,
represented by the calculated lifetime,

In & normal population there is an indissoluble connexion between
(1) the numbers living, (2) the mean lifetime, (3) the births, (4) the
deaths, (5) the rate of mortality, (6) the probable duration of life.
Thus by the Life Table of Persons 1,000,000 annual births imply
1,000,000 annual deaths; sustaining a population of 40,858,184, of
whom 20,426,138 are males, 20,432,046 are females ; half of the persons
living 45 years = the probable lifetime; and the mean lifetime being
40° 858184 or nearly 41 years; that is = the mean age at death = the
namber of years of life falling to the share of the children born. To
41 persons living there is one birth, one death, annually; the rate of
mortality is 1 in 41; and 41 is the mean duration of life,

It has been shown that the rafe of mortality involves three elements,
—time, numbers living, numbers dying; thus, if out of 102 living
men of a given age 4 die at equal intervals in the year, 98 will live

9
to the end of the year; so if)% = the probability of living a year;

4

iR = the probability of dying in the same time; and by hypothesis

102 4 98
2
life; now the years of life to be passed by the survivors in the next
year will, if 4 die in the year, be 96, and thus the years of life will
accumulate year by year, until the last life shall expire. All the years
of life belong to the 102 men; and dividing the said years of lite by
102 the mean afterlifetime is determined. Thus the units of the
numbers that express living men, men dying, and years of life, are

produced by men living a definite number of years and then dying.

By retaining one unit of time, and one living, in all cases, the varia-
tions of the numbers dying express the variations in the rate of mortality.
By fixing the numbers living, and taking the death as a unit, the mean
interval of time—which varies—between each death, will express the
velocity of dying in the scale of time, under different conditions ; and by
making the living man a unit, the death becomes a unit, and the
variations in the years of lifetime express the different degrees of
longevity. By making the time a unit (one year), and the death a
unit, the variations in the numbers living, out of which 1 death occurs
annually—or the relative amount of resistance to death by life is
expressed—under the given conditions. One death in one year to 41
living implies a mean lifetime of 41 years. It was shown before that
41 persons living through one year enjoy the same number of years of
life as one person living forty-one years.

In a population which is disturbed by emigration, by immigration, by
varying excesses of births over deaths or of deaths over births, or by
pestilence, the meun age of the dying (G,) can be determined from the
registers by arranging the deaths consecutively in a column (d.) at
the various ages, and drawing up from this column the columns
corresponding to /. and L., or even to Q.. But people are born in one
place, die in another, and moreover the number of births is scarcely
ever the same as the number of deaths. So there is no necessary
connexion hetween the ages of these persons at death, the rate of
mortality, the probability of living, or the mean duration of the lives
of childrenborn and living in precisely the same circumstances. The

the 102 men in the year enjoy among them = 100 years of
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results nearly coincide sometimes with those deduced, on correct
principles, from a life table; and the early life tables of Malley,
Simpson, Dr. Price, and others, were constructed from the burial
registers of Breslau, London, and Northampton, without any reference
to the Jiving. The errors of such tables are illustrated in the Appendix
to the Sth Report of the Registrar General, where the old incorrect
Northampton Table is compared with a new table for Northampton
constructed on nearly the same plan as the English Table*

The mean age of those who died in England in the 17 years 1838-54
was 29-4 ; whereas the mean lifetime of children born in England
during the same period is 409 years by the life table. This reduc-
tion of the age at death, 115 years below the mean lifetime, is the
result of the introduction of an excess of young lives; ns in addition to
the 380,631 births to balance the 380,631 deaths, 191,068, making
571,699 children in the whole were born annually and thrown into the
population. The mean age of the dying = the mean age to which
people live, in a normal population; but as our population is increasing,
the mean age of the dying in a limited time is 11*5 years less than the
mean lifetime. The mean age of the population of England was 26°4
years in 1851, instead of 32°1 years; so the excess of young people
reduces the age of the nation by 5°7 years, or by half the difference
(= 119 a) between the age at death (29°4) and the mean lifetime
(40-9). Instead of living as long as they have lived (26-4 years),
they will live about 35°6 years (= Ey,.)—(Introduction to English
Life Table, No. 3, pp. xxxi—-xXxxvii).

The Rate of Mortality and the probability of Dying.~If on an
average of years out of 1,000 children born simultaneously, 149 die
in the twelve months following the date of birth, the probability of
dying is expressed by the fraction 0°149: that is the deatk-chance
of a new-born infant under the given law of mortality. As 851 of them
survive, 0+ 851 is the fraction to express the probability of living ; it is
the life-chance. Now -851 + -149 = 1 = life-chance + death-chance.

This probability is often expressed thus : the chances are 851 to 149
that a new-born child will live a year. The value of £1 payable if the
child should live a year is 17s. (:£-851); the value of £1 payable on
the death of the child is 3s. (£:149); the chances in favour of life
being greater than the chances in favour of death. _

The lives may be looked at with a view to determine the persistency
of the life-force; which is such in the present case, that 851 live out
of 1,000 during one revolution of the earth; at the age of 20 it is such
that 992 out of 1,000 men live a year. The proportions vary under
varying conditions, but these variations do not accurately denote the
vital force, which is only correctly measured on the scale of mortality.

The mortality is determined by the ratio which the deaths bear to
the years of life. ¢ The men living, and the time expressed in years,
« multiplied into each other, produce the years of life with which the
¢« deaths are compared. A year of life is the lifetime unit’f It is
represented by one person living through a year; or by two persons
living through half a year, A regiment of an average strength of
1,000 men during three years represents 3,000 years of life; and if the
deaths in the three years are 60, the rate of mortality is thus expressed :

_ 80
m = 3000

= *02; or the mortality is said to be at the rate of 2 per cent.

* See Extract on pp. 480-2. .
4 Sec Introduction to English Life Table, pp. xiv-xx; and exiract on pp. 485-8.
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per annum, The 100 years of life are a fixed quantity; and as it is
found that under various circumstances, and at different ages, the rate
varies from 1 to 2, 3, 4, 5 up to 50, this seale serves to measure the
life-force, or the complementary death-force, in the same way as
the centigrade seale of the thermometer serves to measure heat.

A thermometer is not a convenient measure of heat unless at all
temperatures it contains the same quantity of mercury, and unless each
degree measures equal expansions of the mercury. If the mereury
escapes, a correction is required to give the expansion of equal quantities
of mercury at every degree of temperature. In observing with the
harometer, the measure is adjusted at both ends, so as to give the exact
height of the column above the mercury in its well. o
_ 30, to determine the rate of mortality on a strength of 1,000 men
Joined by no recruits, it is necessary to take their mean strength during
the whole period of observation; for if one man dies at the end of a
week, 999 only remain afterwards exposed to risk, and if the numbers
iwe reduced at variable intervals to 990, to 985, to 911, to 700, to G0OO
and so on, it is evident that the years of life in the same time will be
less than the years of life in a2 regiment which obtains a recruit for
every casualty. All that is required in such cases is to take the obser-
vations so as to give the true years of life; and the ratio which these
years of life bear to the deaths is the exact measure of the mortality.
It is evident, on the other hand, that such a measure is not supplied by
a cqmpgrison of the deaths in a year, for example, to the living at the
beginning of that year. The results by this method are only strictly
comparable when the deaths are in the same proportion and occur in
the same periods of the year.

By the English Life Table 1,000 infants followed through their first
year of age yield nearly 903 years of life; and the mortality is at the

st of 123 o, mors comaty, M98 _ 15550 111165
e of g3, or, more correct Y 505731 = 16559. Itis16-559 per cent.

per annum. The probability of dying is *149493; and upon the
crroncous assumption that this is the rate of mortality it would be
12°949 per cent. per annum ; less by 1°610 than the true rate, with
whiceh it should never be confounded, ’
At other ages than the first year the rate of mortalit i
ag 1 1. . y serves to give
the probability .of living a year, and thus supplies the fundame%tal
clements of a life fable. The difference between the rate of mortality
(7}, and the probability of dying (1—p), becomes less in proportion as
the two fractions diminish; for upon the hypothesis that the deaths in 1
year occur at equal intervals in the year, the relation of p and m is
thus expressed : -
) — 1—3m _ 2—m.
1 T 14+im T 24 m.
(Supplement to 25th Annual Report, pp. iv-v.)

G’ener{tl Description of a Life Table; Healthy Districts.-—The
Transactions of the Royal Society contain the first life table. It twas
constructed by Halley, who discovered its remarkable properties, and
illustrated some qf its applications. The Breslau observations dic,l not
supply Halley with the data to frame an accurate table, for reasons
:Whlch .WIH. be immediately apparent; but the conception is full of
ingenuity, and the form is one of the great inventions which adorn the
annals of the Royal Society.

Ta_bles have since been made correctly representing the vitality of
certain classes of the population; and the form has been extended so as
to facilitate the solution of various questions.
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492 [PART V,

In deducing the English Life Tables from the national returns,
I have bad occasion to try various methods of construction; and I now
propose to describe briefly the nature of the life table, to lny down
a simple method of construction, to describe an extension of its form,
and to illustrate this by a new table representing the vitality of the
healthiest part of the population of England. _

The life table is an Instrument of investigation; it may be called
a biometer, for it gives the exact measure of the duration of life under
given circumstances. Such a table has to be constructed for each
distriet and for each profession, to determine their degreces of salubrity.
To multiply these constructions, then, it is necessary to lay .(]OWII rules,
which, while they involve a minimum amount of arithmetical labour,
will yield results as correct as can be obtained iu the present state of
our observations. ) . .

A life table represents a generation of men passing through time;
and time under this aspect, dating from birth, is called age. .In the
first column of a life table age is expressed in years, commencing at 0
(birth), and proceeding to 100 or 110 years, the extreme limit of
observed lifetime. .

If we could trace a given number of children, say 100,000, from the
date of birth, and write the numbers down that die in the first year,
living therefore less than one year against 0 in the table, and on
succeeding lines the numbers that die in the second, third, and every
subsequent year of age until the whole generation had passed away,
these numbers would form a Zable of Mortality, showing at what ages
100,000 lives become extinct. o

Again, if the 100,000 children were followed, and t.he numbers living
on the first, on the second, and on every subsequent birthday until none
was left, the column of numbers would constitut.e a Talfle of S.u--rvwor—
ship. So if of 100,000 children born at a given point of time, the
numbers dying (d,) in each subsequent year were written in one column,
and the numbers surviving (/) at the end of each year in another
column, the two primary columns of the life table would be formed.

1t is evident that if one of these columns is known the other may be
immediately deduced from it; for if of 100,000 children born 10,295
die in the first year of age, 3,005 in the second year of age, it follows
that the numbers living at the end of one year must be 89,705, at the
end of two years 86,700. Upon adding the column (d,) from the botfom
up to the number against any age (x), the sum will represent the whole
of the numbers dying after that age; and consequently the numbers
living at that age, as shown in the collateral column (7).

The 100,000 children born at the same moment, and counted annually
to determine the numbers lLiving at the end of every year, would by
our table completely pass away in less than 107 years. If another

generation of 100,000, born a year afterwards, were followed, the-

numbers dying in the various years of age would not be very different,
the circumstances remaining the same; and the numbers of those
entering each year of age would vary inconsiderably from those of the
first series. If 100,000 children again were bor_n at annual intervals,
and were subject to an invariable law of mortality, they would form a
community of which the numbers living at each age would be repre-
sented by the successive numbers (/) in the life table, The sum of
these numbers, by the new Table of Healthy Districts, would be
4,951,908. The births are here assumed to take place simultaneously
at annual intervals; immediately before the births, therefore, in such
a community its population would be 4,851,908, to which it would fall
progressively from 4,951,908 by 100,000 successive deaths in the year.
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The avernge number constantly living would be some number between
4,951,908 and 4,851,908 ; and it would bhe very nearly the mean of
these limiting numbers,

In the ordinary course of nature, the births in a community take

place in remittent succession; and if it is assumed that the 100,000
births occur at equal intervals over every year, it is evident that at any
given date a certain number will be found Jiving at all the intermediate
points of age between O to 1 year, 1 to 2, 2 to 3, and all the remaining
years of age. The population in the above instance would be found by
enumeration to be nearly 4,899,665.
" The apnual dirths would be 100,000 in such u community. The
annual deaths would also be 100,000; and by taking out the deaths at
each year of age, from the parish registers of a single year, the second
column (d,) of the life table would be found. By adding this column
of deaths up and entering the sum of the numbers year by year against
every year of age (w), the third column (7)) of the life table would be
obtained ; for it has been already shown that the numbers attaining any
age @ are equal to the numbers dying at that age, and all the subsequent
ages. From the registers of the deaths, a table of the numbers of the
population living in a parish so constituted could be immediately deter-
mined without any enumeration. Its deviations from the truth would
be accidental ; and they would be set right by taking the mean of many
years. So also from’a simultaneous enumeration of the numbers living
in each year of age, the two columns d, and Z, of the life table could
be constructed without reference to any registry of the deaths at
different ages.

The mear age at death in such a community would express the mean
lifetime, or the expectation of life at birth; and the product of the
number expressing the annual births multiplied into the mean age at
death would give the numbers of the population.

The deaths in each year of age are called the decrements of life.
The decrement in ‘the first year is large; in the first five years the
decrements of life are considerable; at the age of 10 to 15 they fall to
their minimum ; slowly increase to the age of 56 ; increase more rapidly
until the maximum is attained at the age of 75; then decline gradually
to 85, and after that more rapidly until every life is extinct at the age
107 by this table. (“On the Construction of Life Tables, illustrated
by a new Life Tuble of the Healthy Districts of England,” in the
Transactions of the Royal Society, 1859, pp. 838-41.)

Basis and uses of the Healthy District Life Table—Halley first
pointed out the financial applications of the life table, and first calcu-

lated the values of life annuities. That branch of seience, in the various

forms of life insurance, has since received great developments. 'The
new table shows that the duration of life, among large classes of the popu-
lation by no means in unexceptionable sanitary conditions, exceeds the
term of the ordinary tables, and proves that life annuities cannot be sold
advantageously by offices, or by the Government, to large classes of
lives for less than the values deducible from the new table.

A new branch of science has been developed since Halley’s day,—it
is the Science of Public Health. And here a new application of the
life table is found.

It is probable, upon physiological grounds, that man goes through all
the phases of his natural development in a hundred years ; and that the
period of active life seldom extends beyond eighty years. But this is a
very indefinite measure, as the rates of mortality, in all the intermediate
ages, are left undetermined after it has been ascertained in what
proportions men attain the extreme limits.
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494 [PART V.

Generations of men, under all circumstances, die at all ages ; but the
proportions vary indefinitely under different conditions from a slight
tribute to death cach year, down to the point of extermination Dy
pestilence. If we ascertain at what rate a generation of men dies awny
under the least unfavourable existing ecircumstances, we obtain a
standard by which the loss of life, under other circumstances, is
measured ; and this I have endeavoured to determine in the Life Table
of Healthy English Districts. And recollecting that the science of
public health was almost inaugurated in England by a former president
of this society (Sir John Pringle), who encouraged and crowned the
sanitary discoveries of Captain Cook, I fecl assured that it will receive
with favour this imperfect attempt to supply sanitary inquirers with a
scientific instrument.

Heartey Districts.—Population, 1851. Deaths in the Five Years
1849 to 1853. Average Annunal Mortality per cent.

Average Annual Mortality

Population, Deaths. t0 100 living (m).
Ages.
Persons.| Males. | Femalesd Persons.| Males. | Females.] Persons.| Males. |Females.
1. 2, 3. 4, D. 6. 7. 8. 9. 10.

Allages - | 996,773 | 493,525 | 503,218 1 87,315 | 43,736 ; 43,600 1753 1 1972 17733

Under5 - | 130,635 | 65,700 | 64935 | 26361 | 14,252 ; 12,070 4036 | 4°348 3720
5— - | 122,406 | 61,733 | 60,673 4,200 | 2,080 2,129 ‘638 674 1702
10— - | 110,412 | 56,651 | 3,761 2377 | 1,057 1,290 *431 ‘384 *480
15— - | 18,339 | 90,066 | 91,273 6603 | 3,113 3,490 728 *631 it
25— - | 136,892 | 63,422 | 71,470 5,869 | 2,675 3,194 857 818 804
35— -1 108,056 | 52,73% | 95,322 5,208 | 2,447 2,761 gt 028 008
45~ -] 85244 | 42383 | 42,801 5252 | 2,688 2,504 1-232 | 1°273 1192
55— -| 62,857 | 31,105 31,752 7,001 | 3,568 3,433 2°22 2-201 2°163
65— -| 39453 ) 18860 20,5031 10313, 51373 5,140 5°228 | 5°486 4992

75— - 16537 7NS{ 9019} 10297 | 4946 | 5351 | 12°30% | 12817 | 11°866
85—  -{ 9614| 1,007| 1317] 3581 1,55 | 2026] 27:399 { 28°350 | 26°71

-1
w

274 112 162 § 427813 | 407000 | 457000

95 & up- P =
wards. } 128 56

The Healthy District Life Table was constructed in 1859 from the
Clensus enumeration of 1851 and from mortality observations extending
over the five years 1849 to 1853 in 63 districts of England and Wales
which showed during the ten years 1841-50 a mean annual death-rate
not exceeding 17 per 1,000 persons living. Ii has been found by
experience that this Healthy District Life Table expresses very
accurately the actual duration of life among the clergy and other classes
of the community living under favourable circumstances.—(“ On the
¢ Construction of Life Tables, illustrated by a new Life Table of the
¢ Healthy Distriets of England,” in the Transactions of the Royal
Society, 1859, pp. 838-41.)
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