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Charles Brand, 'Tables of Interest, Discount, Annuities &c. First pub-
lished in the Year 1724, by John Smart, and now revised, enlarged, and
improved by Charles Brand, 1780. To which is added an Appendix
containing some observations on the general probability of life', London,
T. Cadel and N. Conant, pp. 187-90.

Charles Brand published in the appendix to this work the first
mortality data derived from the Amicable Society records. This
company's mode of operation was not scientific at this time and had
altered little from its start in 1706. Brand's calculations are the first
attempt to calculate expectation of life from insurance company
records and offer an interesting insight into the amount of data
available and the actuarial approach of those days.

Compared with John Smart's original book, there is a new sec-
tion of over fifty pages in Brand's revision giving examples of
calculations for annuities upon lives and reversions. The interest
tables are less accurate than the original tables of John Smart.
Charles Brand also wrote Treatise on Annuities and Assurances
(1775), but it contains no new matter.

Around 1811, the registrar of the Amicable Society Mr John
Pensam prepared a life table from the data of the Society, which
was not published, but which he said showed a significantly better
mortality experience than that of the Northampton table. On 30
November 1841, Thomas Galloway, then Registrar of the Society
published for members of the Society tables of the mortality experi-
ence from 5 April 1808 to 5 April 1841 on three bases, viz. that of
the new entrants since 1808 when the Amicable Society adopted a
sound scientific basis, the old members existing at 5 April 1808 and
a combined experience.



A P P E N D I X .
Containing fome Obfervations, upon the general Probability of Life, according to

Bills of Mortality for di/erent Places, together with feveral Tablts,for afccr-
taintd the Value of Annuities.

T il £ probability of Life, to be deduced from Bill* of Mortality, hath been confidcrcd by
the curious Sir William P$ttyt in hit Natural andj Political Obfervations on the Bill*

of Mortality of London* owned by Capuio John Gmnti and fince in 4 like Trcaiifo on the
Bill* of Mortality of Dul/in, ai obfcrved by Dr. JfeJ/rjr, in Philosophical Tran&aiont, No. 196.
14 But the dcduftion from thefc Bills of Mortality/' fay* he, " feemed even to ihcir Authon,

(o be defective: Fir A, in that the Numkr, of the people were wanting j fccondly, that the
Agti of the people dying was not to be had; and laftly, that both London and Dublin, by
rcafon of the great and cafual acceffion of Arangeri who die therein, (as appeared in both,
by the great excefi of the Fururah above the Birthi) rendered them incapable of being
ftandard* for this purpofc, which requires, if it were poffible, that the people we treat of,
fliould not all be changed, but die where they were born, without any adventitious increafc
from abroad, or decay by migration elfewhcrc." He farther adds, " This defeB fccms
in a great mcafure to be fatisficd by the late curious Tables of the Bills of Mortality of the
city of Breflawt lately communicated to the Royal Society by Mr. Jujlcll, wherein both
the ages and fcxcs of all that die, arc monthly delivered, and compared with the number
of the Births for five years laft paft, viz. 1687, 1688, 1689, 1690, and 1691, fccming to
be done with all the cxaQncfs and finccrity pofliblc." Dr. Hally then proceeds to form hii

own Calculations upon thofc Obfcrvations, which he docs with great accuracy and prccifion;
but he afterwards cxprcflfed his doubts of what he had done, by faying, that " were this Cal-
•« culus founded upon the experience of a very great number of years, it would be very well
" worth the while to think of methods for facilitating the computation of the value of two,
11 three, or more Livci :M—Thefc remarks of Dr. Hallty fccm to have induced Mr. DC Moivrc
to form an Hypothcfii, by /uppofing the extremity of life to terminate wiih an age, which by
taking the dccrcmcnti of life in Arithmetic progrcffion, might give anfwcrs to corrcfpond

nearly with the values in Dr. Hallty* Tables,
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Wch*rel»kc%trcTikb!C46rObrcrvat!onipub!ifhcd by the ingcnioui Mr. Simffon, upon

10 yean Obfcrvatibro on the Billi of Mortality of London; — thofc Tables Mr. Simffon fccmed
very fallible were liable to objections, for in p. 7, of the Preface to his Book on the Doclrinc
of Annrfdei and Reverfionf, He fuppofes Jt will be obfcrvcd in objcaion t6 his Tables, That
ZtttbftrcOnfifU of too flux a bfldy to admit of any certain meafurc for the probability of life,

and that die accounti%publi(hed by the parifh Clerks are not to be depended upon; — the
firft objection he endeavours to remove, by faying, " That tho* the continual re fort of people,
"from all parti, eaufes.Indeed a great increafe, in the Bills of Mortality, it will no ways infiu-
•• cnce the value* of the Aunuiiics, thence deducled (if the numbers of pcrfoni coming up to
M town, at all ages be proportional, to the whole numbers of the living of the fame ages")
bow far this refervation will af&ft, to remove this objection, mud be left to thofe, who can
form ibmc idea of the accelfion and migrcHGon of the inhabitants; — to the fecondobjection,
he (ay** ** at to the difference that may arife, from any uncertainty or error, in the accounts
•« of the Parilh Clerks, it can be but very little, becaufc if the age happens to be given in
•• * liuk too high one time, there is the S A M E chanct of it being put down, much too low
44 another;"—-if this reafoning is to be adopted, there is an end to the ncccffity of having
accurate returns, chtncebcinjito regulate their'errors, by balancing them with thofe of equal
varience*

We have alfo Ipcen favoured) in Monfeur De Buffoni Natural Hiftory, with Tables, formed
from the Obfervations of Monfieur Du Prt de S. Mour, of the French Academy, and there
publUhed by hi* authority; thcfe Cables comprehended Obfervations on three Parifhes in
Pans, and twelve in the country; —from the nature of the Regiflcrs and Return*, upon
which they have been formed, they fecm lefs liable to thofc objections which have properly
been attributed to the Bills of Mortality of Brtjlaw and London.

Monfettr De Motvrc, in his Book on the DoBrine of Chances, has rccomipendcd a Re-
guler to be taken of Individuals, afcertaining their ages and occupations, in order to deduce
from thence, fomc more certain grounds to obviate thofe difficulties which have juflly
been affigned to the imperfccl and chimercial Returns, made as general Bills of Mortality;—
this recommendation, as well ai the dcfefts, which appeared evident, from the manner in
which the feveral Bills of Mortality have been kept, induced me to take up a Rcgifier of
a number of Individuals, who were incorporated by her late Majefty Q U E E N A N N E , Anno _
1706, by the name of the •' Amicable Socittyjor a perpetual Affiirancc Office." This Society
was then inftituted in order to make provifion for the Wives, Children, and other Relations
of thofc who might become Members thereof; from the Regifler of the deaths of Members,
I have taken tht day tm which each Member J/W, —and having the date when each of thefc
became a Member, I have from thence computed the time each Member lived, and arranged
them at the lame time according to their rcfpcftivc ages, the Totah and Avtrogti whereof
Lave produced the Durations contained in the following Table.
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TABLE I.
Shewing the Durations of the Lives 3/3826 Per/ons who have been Members of the

A M I C A B L E SOCIETY, &c. and on whofe DeatlisClaims have been paidjince the
hjlilution in 1706 to the Year 1777\ both inclufive, being a Period ofj2 Years.

Ago. Duration*. Age*. uration!. Ages. Durations Ago. Durations.
Yrirt. Dcfim. Patti. Yftn. Dtrim. f«tu. Yean. Dtcim. f atu You. Dccim. Part*.

»I9 V 14.8191 "5?" 11.0013
t0l ,J.T... 3» M-33'S 43 *frW3 54 18.8410

33 18.1835 55 10.854744
1 15.191

f
15.9301 3 7 •4-5643

«4 » 4 5 4 * 4 35 15.8246- 15.1808 to> 8.9585
11.0383 36 15.9821

37 \4$% *3-«45»
27 > 4 -3561 38 49 15.0410
28 12.1150 39 13.2849 50 15-6657 6.7671
29 14.3178 •5.0767-
3" 15967* 4»

1
•70
1
 [

•75.)

TABLE II.
Shewing the Ex^eflancy ofLife\ deducedfrom the foregoing Table of Durations.

Ago. ExpclUncy. Ages. Expeftancy. Agci. Expectancy. Agci. Exjx£lancy.
Yrtri. Darim. Firfi. Yrai*. Decim. Parti. Year*. Drtim.Firti.

3» 97.1325 4^ 21.0991 53 19.1245

3* 965861 43 20.5178 54 11.1803

33 86.0763 44 20.0168 •55 9.6267

«3 31 0481 34 95.6020 10.1578
95.0556 18.5406 to> 8.0128

36 17.8461« *6o)«9-9974 »4475 47
29.5898 37 •3-853° 48 '17.1095 6
90.1397 38 •3-3°«3 49 16,5489
98.6315 39 91.8093 5° 15.7998

:
•666

;
 I

6.7671
98.2021 5« »4-739°
97.6980 1 • 1,714 •6o[4 1 5» 13.6827

*75l

• There being but few Livei of thofe Age«, it became neceffjry to combine them, to form proper Average*.

I When the Society wu firft inAituud, »r>d until the year 1731, the Age* ofthofe vho be<ame Members were Dot d'aitcJ

(u tbey now are) to between it and 451 but naoy irv(bnce« biff eoeJ a/urwardi, by exchanging older for younger Member),

for thofe above (he Age of 43^
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This lad Table of ihc ExpeSancy of Life, is formed by cflimaling the fhareof Life, which
ihofc of the fuccecding ages would have enjoyed, had thy been admitted into die Society,
wncnofthcgivcnagc;-~itimi(lbcobfcrvcd, that there were but few inftancci of Mem-
bers admitted at the earlier and later periods of life, which has rendered it ncccfTary to
combine them, in order to form one average, which may more nearly corrcfpond with the
xnhers in the true Expectancy; And as this Table gives -an Expectancy of Life, agreeing
fo nearly with that contained in the Table taken from the Obfcrvations of Monfitur Du
Prc dt S. Mour, on three parifhes in Pdrii, and twelve in the country, (and published by
MonfatrDc Quffon in his Natural Hi dory) I apprehend I dial I be juftificd in forming a Table
for the *alue of Annuities agreeable 4o thofc Obfcrvations, and confldcring the fame a$
applicable to the value of/uM Live* at have been admitted into the Amicable Society,
efpecially as ihofe Obfervations comprehend an allowance for the rifque which attends
different periods of Life.

T ABLE III.
he Expcftany qfj,ifct token from Vol. I. of Monficur dc Dujfons

Natural Hiflory.

1 ExpctUncy. ExprtUncy. Expectancy. Kxj>e6Uncy.

Yrro. Dftdm. Pvrti. ? Y«rt. Dreim. Pirn. i Yriri. Dccim.Ptrt*.
1 33.0000 •i 38g$333 44 197500

f
38.0000 6

55 8.51100
10.8500 6*3 3 « -»333 45 8.0OOO

*'3 -4O.OOOO 46 18.7500 67 7.5000
4 4I.OOOO 68.•5 90.7500 47 18.1667 7.0000

41.5000 16 30.1667 48 .17.6667 69 6.5833
6 42.0000 «7 '9-5833 49 ^7.1667 7° 6.1667

i 18 10.0000 50 16.5833 7« 56667
41.5000 • 18.5000 89 5* 16.0000 7 5-3333

9 40.8333 i 8.ooo«8° 51 15.5000 73 5.0000
10 40.1667 17.5000 ,63 15.0000 74 47500
n 39.5000 3* 116.9167 54 14.5000 4.5000
ti 38750* 33 86.1500 £5 14.0000 76 4-^00
13 1 J38.0833 34 15.5833 56 3'4 67 77 4-0833
M 35 45.0000

14,1167 67 11.0333 78 3-9 « 67
36.7500 36 58 11*9500

I9 375°°

? 36.0000

36-333 %
11.6667«3-»333 80 35«33

3 13.1500 lo 11.0833 81 3-4*67
34.6667 39 •8.6667 61 10.5000 82 3.2500

•9 34.0000 11.0833 6a 10.0000 83 3.1667
10 33-4 '67 41 11.5000 63 9.5000 84 3-0833
11 i .31.9167 4« .10.9167 64 9.0000 85 3.0000

*o.mi ,
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William Morgan, Appendix to the second edition of 'A View of the Rise
and Progress of the Equitable Society and of the Causes which contributed
to its success,' &c. London, Longman, Rees &c. (1828), pp. 67-75.

In the appendix here, William Morgan constructed a mortality table
from the (sometimes sparse) data of the company and used it to
calculate pure premiums. This is the first mortality table derived by
a life insurance company transacting business on a scientific basis
deduced from its own experience. The table was used in connection
with the valuation of the Equitable Assurance as at 31 December
1829 and a comparison of the reserves with the usual Northampton
table valuation revealed additional surplus of £700,000. Attempts at
an experience table of mortality derived from very limited pub-
lished information of Equitable Assurance had been made pre-
viously by Benjamin Gompertz 1825, Griffith Davies, 1825, and
Charles Babbage, 1826. Davies's table gained considerable cre-
dence.

Joshua Milne successfully challenged inconsistencies in William
Morgan's published data and reworked the conclusions derived
from some of it - detail is given in the article 'Annuities', Vol. 3,
Encyclopaedia Britannica, 7th edition, pp. 202-3 and 209-10
(1842). Morgan used the number of deaths with the number of
policies, which resulted in much understated mortality since there
were many lives with more than one policy. The treatment of lapses
and surrenders was not explained.

Arthur Morgan, who succeeded William Morgan, published
another, better table of Equitable mortality experience in 1834.

William Morgan, who in 1828 was getting old and had an inaccu-
rate memory, retired in 1830.



APPENDIX.

IN the account which was published in my
Address to the General Court in the year 1800,
of the probabilities of life in the Society, I had
no other end in view, than to shew that they
were so much higher than those in the table
from which the premiums were computed, as to
secure the Society against all danger from con-
tinuing those premiums in its future assurances.
But I.never considered those probabilities as
affording sufficient data for the construction of a
table of the values of Life Annuities at all ages,
or thought that it would be prudent to found
any important measures upon documents so
scanty and imperfect. Having been regarded,
however, as one of the many proofs of the in*
creased longevity of mankind, which had of late
become a very popular opinion, not only tables
of Life Annuities, &c. have been computed from
these defective materials, but the Society has
been urged to adopt them as the basis of all its
future operations* The following Tables, though
computed from a corrected account of the pro-
babilities of life in the Society, are still deduced
frorii documents, particularly in the earlier parts
of life, much too defective to be depended'upon,
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and have been constructed merely for the pur-
pose of effecting some calculations directed to
be made by the last General Court of the Society.

From the Fifth of these Tables it appears, if
the computations are wholly made from the
Equitable Experience, that is, if the single and
annual premiums are both computed from it,
that an assurance acquires a greater value after a
given time, than if the computations were made
from the Northampton Table, and, therefore, that
if the stale of the Society were to be determined
by the former, the surplus would be rather less
than if it were to be computed from the latter.
The value of an assurance is generally increased,
in proportion as the probabilities of'life are
higher from which it is computed; and, there-
fore, in determining the state of a Society, the
apparent surplus will be less in this case, than if
the computations were made from a table giving
lower probabilities of life. But if the single
premiums are computed from one set of observ.
ations, and the annual premiums from another,
the results must necessarily be erroneous in pro-
portion as these observations differ.* Thus, in
the case of the Equitable Society, if the single
premiums are computed from the probabilities of
life in the Society, and the annual premiums,
as at present, from the Northampton Table, the

• It con hardly be necessary to observe, that the value of
an assurance is expressed by the difference between the
wngle preraium and the product of the annual premium
multiplied into the value of the Life Annuity.

10
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assurances, so far from acquiring any value
during the earlier part of their existence, will be
in debt to the Society *, 30 that a person aged 35,
after having .paid his premiums for 10 years, for
an assurance of 1000/. on his life, instead of
receiving any thing for his interest on surrender-
ing his policy, ought to pay the Society 137.125.
though, in reality* it is fairly worth 111/. 12$.t
As most, of the assurances are originally made
between the age3 of 25 and 50, and the proba-
bilities of life ia tiue Society at these ages are
much higher than in the Northampton Table, it
is evident, that, if this method of computation
were adopted, the greater part of the assurances
made since the year 181 (> would appear to have
acquired little or no value, and, therefore, that
the apparent surplus would be greatly increased
above its real amount, and Afford, a pretence for
such a distribution of it as wojuld be highly in-
jurious to the new members, und ultimately to
the .security of the Society*

Suppose 3000 members, .each assured in 1000/,
at the common age of 30* to copsist of three
classes of 1000 each. Those of the first class to
have been assured. 15 years ago.; those of the
second, 10 years .ago; and those of thq third
class, 5 years .ago. Computing the values of

• Sec Table V.
f Tiro eminent counsellor! have given it as their opinion,

that computations of this kind may be legally made; but we
have not .been favoured with their opinion whether any
person is legally obliged to abide by the result of them*

11
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these assurances, by combining the Eqmtable
Experience with the Northampton Table, in the
manner now proposed, the amount of these
values will not exceed 70,0007.; but if they are
computed by the Northampton Table, it will
exceed 390,0007., and if vhollyby the Equitable
Experience, 418,0007. As the single premiums,
or, which is the same thing, the values of the
reversions of the sums assured, are diminished,
by computing from the Equitable Experience,
the persons selling their additions, like those
surrendering their policies, will receive less than
the real value for them. But to prevent this
loss, it has been suggested that it might be pro-
per, on these occasions, to use the Northampton
Table, by which means, a member, whose addi-
tions are stated in the decennial investigation to
be worth only 43/., may receive 507. for the
present value of them after that account has been
settled, and the member who ought to pay the
Society on discontinuing his assurance 87/. may
receive 537, for the value of his interest in it, so
that after giving a fallacious statement of the sur-
plus in the decennial investigation, the evil is to
be aggravated by a measure still more ruinous and
unjust But I cannot believe that any person,
upon due consideration, would advise the Society
to deviate into such a course of error and delusion,
and, regardless of all knowledge on the subject,
to forsake those sound principles of honour and
justice, which can alone secure to it that high
degree of credit and prosperity by which it is at
present distinguished.

12
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TABLE I.

Showing the Probabilities of the Duration of Human Life,
according to the Experience of the Equitable Society.

Age Living Deer. Age Living Deer. Age Living Deer.

20 3000 21 46 2354 32 72 966 72
21 2979 22 47 2322 32 73 894 72
22 2957 23 48 2290 S3 74 822 72
23 2934 23 49 2257 33 75 750 72
2* 2911 23 50 2224 36 76 678 69
25 2888 23 51 2188 39 77 609 66
26 2865 23 52 2149 40 78 543 61
27 2842 23 53 2109 42 79 482 59
28 2819 23 54 2067 41 80 423 57
29 2796 24 55 2023 47 81 366 54
30 2772 24 56 1976 49 82 312 51
31 2748 24 57 1927 52 83 261 50
32 2724 24 58 1875 54 84 211 43
33 2700 25 59 1821 57 85 168 37
34 2675 25 60 1764 59 86 131 31
35 2650 25 61 1705 60 87 100 25
36 2625 25 62 1645 61 88 75 19
37 2600 26 63 1584 63 89 56 14
38 2574 26 64 1521 65 90 42 11
39 2548 26 65 1456 66 91 31 9
40 2522 26 66 1390 68 92 22 7
41 2496 27 67 1322 69 93 15 6
42 2469 27 68 1253 71 9* 9 5
43 2442 28 69 1182 72 95 4 3
44 2414 29 70 1110 72 96 1 1
45 2385 31 71 1038 72
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TABLE II.

Showing the Expectations of Human Life, from 20 to 96,
deduced from the Mortality among the Members of the
Equitable Society.

Ages. 1 Expectation*. Age*. Expectation*.

20 41.11 59 14.19
21 40.40 60 13.63
22 39.70 61 13.09
23 39.00 62 12.55
24 38.31 63 12U)1
25 37.61 6* 11.49
26 36.82 65 10.99
27 36.20 66 10.48 )
28 35.49 67 9.99
29 34.78 68 9.69 1
30 34.08 69 9.06
31 33.37 70 8.61
32 32.66 7J 8.17
33 31.95 72 7.75
34 31.24 73 7.33
35 3(X53 74 6.93
36 29.82 75 6.55
37 29.10 76 6.2038 28.39 77 5.8339 27.67 78 5.4940 26.95 79 5.1241 26.23 80 4.7642 | 25.51
4430 1

81 4.42
2W9 82 4.1044 24.07 83 3.8145 23.36 84 3.6046 22.66 85 3.3947 21.96 86 3.2148 21.26 87 3.0549 20.57 88 2.9050 19.80 89 2.7151 19.18 90

52 1&.O41Q CO 1 1 2.45 j
91

53 2.14 i
17.86 92 1.8154 17.22 93

55 1.4316.58 1 9456 1.0515.96 I 9557 0.75015.36 I 9658 0.50014.77
— L •

14
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TABLE III.

Showing the Value of an Annuity on a Single Life, according
to the Probabilities of Life in the Equitable Society,

computed at Three per Cent.

\
Age. Annuity* Age. Annuity. Age. Annuity.

20 21.572 46 14.895 72 6.1037
21 21.376 47 14J565 73 5.7938
22 21.181 48 14.212 74 5.4911
23 20.980 49 13.853 75 5.1997
24 20.772 50 13.481 76 4.9254
25 20^66 51 13.114 77 4.6519
26 20.352 52 12.778 78 4.3725
27 20.132 53 12.412 79 4.0772
28 19.953 54 12.045 80 3.7815
29 19.725 55 11.652 81 3.4993
30 19.493 56 11.287 82 3.2293
31 19.253 57 10.921 83 2 )̂823
32 19.055 58 10J561 84 2.7937
33 18.810 59 10.200 85 2.6201
34 18.555 60 9.846 86 2.4618
35 18.292 61 9.553 87 2.3124
36 18.020 62 9.264 88 2.1852
37 17.741 63 8.968 89 2.0131
38 17.459 64 8.646 90 1.7948
39 17.166 65 8.337 91 1.5010
40 16^54 66 7.994 92 1.1903
41 16J540 67 7.682 93 .8390
42 16.222 68 7.367 94 .5363
43 15.893 69 7.051 95 .2427
44 15.581 70 6.7342 96
45 15.244 71 6,4179
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APPENDIX.

TABLE IV.

Showing the Single and Annual Premium* for assuring
100/. on a Single Life, and computed from the Probabili-
ties of Life in the Equitable Society.

Single Annual Single Annual
Age. Age.Premium. Premium. Premium. Premium.

20 34.246 1.517 46 53.688 3.378
21 34.816 1.556 47 54.648 3.51 1
22 3.5.368 1.595 48 55.677 3.600
23 35.970 1.636 49 56.513 3.805
24 36,575 1.680 50 57.799 3.9<)'2
25 37.175 1.721 51 58.874 4.171
26 37.798 1.770 52 59.852 4.344
27 38.438 1.819 53 60.918 4.542
28 38.960 1.859 54 61.986 4.752
29 39.624 1.912 55 63.131 4.990
SO 40.299 1.967 56 64.194 5.225
SI 40.998 2.025 57 65.259 5.474
32 41.575 2.078 58 66.308 5.735
S3 42.288 2.135 59 67.359 6.014
34 43.130 2.201 60 68.389 6.306
35 43.796 2.270 61 69.244 6.561
36 4-k590 2.344 62 70.084 6.828
37 45.401 2.423 63 70.955 7.120
38 46.230 2.504 64 71.884 7.452
39 47.075 2.591 65 72.783 7.795
40 47.984 2.687 66 73.782 8.201-
41. 48.909 2.788 67 74.691 8.603
42 49.824 2.893 68 75.630 9.039
43 50.782 3.006 69 76.550 9.508
44 51.690 3.117 70 77.474 10.017
45 52.671 3.243
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Wesley Stoker Barker Woolhouse, investigation of Mortality in the Indian
Army,' London, A. H. Baily (1839), pp. 1-9 and graphs.

Wesley Stoker Barker Woolhouse, in this work, introduced the
concepts of exposure time and of conventional exposed to risk
formulae. Although exposure had been discussed previously, see
e.g. Thomas Watkin's 'Letter to Dr Brackenridge' (1760), Wool-
house put the idea into proper mathematical form and considered
fractional exposures in respect of entrants and exits. This is the
start of a more formal detailed scientific approach to evaluation of
data before the start of analysis and graduation.

Woolhouse was well known for his high standard of mathematics
and his considerable capacity for attention to detail.

Mortality rates of members of armed forces were very high in the
nineteenth century — often 5% p.a. and in some stations up to 10%
p.a. in time of war and wars were frequent. Much information is
available, e.g. article 'Army' in Vol. 1 of C. Walford's The Insur-
ance Cyclopaedia (1871) (also includes information on crude army
sickness rates. Between 4 and 5% of an army could be constantly
incapacitated by sickness and smallpox was rife.) A. H. Smee and
Thomas G. Ackland's 'On the Assurance Risks incident to Profes-
sional Military and Naval Lives; &c.', Journal of the Institute of
Actuaries, Vol. 35 (1899), gives data drawn from military cam-
paigns over a period of 30 years mainly in respect of European wars,
but also includes the US Army experience in the American Civil
War (1861-6). The book form of this Journal of the Institute of
Actuaries article, On the Assurance of Lives liable to service in
Military and Naval Operations at Home and Abroad, London, C.
& E. Lay ton (1890), gives extensive references.
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LAW OF MORTALITY

I* THE

I N D I A N A R M Y .

THE efficiency, stability, and general ad vantages of a Life
Assurance business, depend very materially on the extent and
value of the experience from which the table of mortality is
calculated, since this table is to be abided by on all occa-
sions, as furnishing the original data for the calculation of
premiums, and the valuation of every species of life contin-
gencies. Every collection of facts which may essentially
contribute to our knowledge on the subject of human mor-
tality, is, therefore, of the utmost importance to Life Assu-
rance Societies. I am not aware of the publication of any
Table, to be relied upon, showing the law of mortality
observed amongst the army in India, although the benefits
of life assurance are peculiarly applicable to that class of
persons; but a work has been recently published, involving
abundant and valuable materials for the calculation of such
a table, and entitled "Alphabetical List of the Officers of
the India Army ; with the dates of their respective pro*
motion, retirement, resignation, or death, whether in India
or in Europe, from the year 1760 to the year 1834 inclu-
sive, corrected to September 80,1837; compiled and edited
by Messrs. Dodwell and Miles, East-India Army Agents,
69, CornhilL" This volume, which gives a precise account
of more than twelve thousand lives, over a period of nearly
80 years, bears evidence of great care and accuracy ; and,
at the desire of the Directors of the National Loan Fund
Society, who are ever anxious to secure in all cases the best
information that can be derived, on the mortality of human
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life, I have, with the inviting and excellent means so afforded,
gone into a calculation of the law of mortality experienced
in the Indian Army.

I shall first give an account of the process followed in
the calculation, and take the opportunity of considering the
question in its general form, as the method may be useful
on other occasions:—

In any proposed current year of age, let us denote,
N, the numtar in existence at the commencement of the

period;

*' 1.1 i rf nCW.member*lin the course of ther, >the number of*? retirements > ^ . .
l>,j ( deaths ) I*"00'
/?, the number remaining in existence on the list, at the

termination of the period;
€, the total number in the course of the period that pass the

point of commencement of the proposed year of age, or
the total number that enter at the commencement; and,

fF9 n', /, IX, /T,«', the same numbers for the next higher
year of age, &c.
Then the estimated number that have existed in the pro-

posed year of age, exclusive of the survivors c of thepreced-
ing year, is evidently,

<o = (N+n)-(R + r) . . . . (1),
and the total number that reach the end of the year of age
is f -f- cu — D. Hence, as this must be the number that
enter on the next succeding year, we have

c' = r c +*, -Z>
similarly, f" = *' 4- */ —IX

t =Iff H t 4- t Hw — TV JU>*

&c. &c.
Tliese relations being carried on from the first year, we ol>-
viously have,

f = S(*-.D) (2),
in which 2 includes the values for all the preceding years
of age.
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Now the terms composing' *> are distributed through the
year at indiscriminate periods in the yeair of age, and may,
with large numbers, be practically considered as having
reference to the middle of the year* or as having undergone
only half the chance of death in one year. The mft may

therefore be regarded as that of i+i persons entering upon

the year and continuing exposed to its termination, and as

D is the number of deaths that occur in the same year, the

number of survivors may be considered to be c -f> ~ — D.

Thus the proportionate mortality in the year is - ~,

and the portion that survive or the probability of surviving
the year, is

By substituting the values of i, *», we have,

Risk = S

Survivors = S /( JV+ «) - (R+ r) - !>} + (ff+»)-(K+r) _ />

which express the values in terms of the original data ; l>ut
the expressions (1), (2), (3), point out the mode of calcula-
tion in a more simple form, and admit of a very convenient
practical arrangement, as we shall afterwards find.

Let the successive probabilities throughout the several
years of age, calculated in this manner, be denoted by «,
«,» ** ** &c. ; and suppose a table of mortality of the
usual form to commence with unity as the number living.
Then the proportion surviving the first year = « ; the pro-
portion surviving the 2d year = a a, ; the proportion sur-
viving the 3d year =: a*!^; and similarly the proportion
which survive m years = a a, *, a, . . . « <»„.,•

So far it will be found that the results, ns they immedi~
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6

atety come out from the calculation, however great the num-
ber of lives may be, will generally, as a series, involve
many small and irregular fluctuations, which it will be
absolutely necessary to rectify before the table can be fit for
final use. The usual practice in the fonnation of tables of
mortality, is to distribute the values of a, a,, a^ &c. into as
regular a progression as possible, by small corrections ascer-
tained by means of averages of certain groups or sets, as, for
instance, in quinquennial periods. There does not appear
to be any very serious objection to this method of adjust-
ment, except in the care and patience required in its proper
employment. I would, however, recommend another expe-
dient for effecting the required object, which possesses the
advantage of being a direct process, and of doing the least
possible violence to the results actually arising out of the
experience. In the first place, calculate the numbers living
at periods of four years, viz.

a, = 1-00000

a, =

&c. &c.

Then difference these values out algebraically to the fourth
order of differences, and apply such corrections as may be
found necessary to compensate the principal irregularities
of the fourth differences, observing that the addition of each
unit to any quantity, imparts the variations 4-1, —4, +6,
*~*4, -fl to the fivetdifferences directly opposite to it, and
that the subtraction of each unit produces the same varia-
tions only with contrary signs. In this process, it is advi-
sable to apply the necessary variations to the differences
immediately after each correction is assigned to a quantity,
then to proceed to another adjustment, and so to continue,
until the differences are rendered either sufficiently uniform
in their progression, or sufficiently small in their magni-
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tildes. The corrected quantities being then differenced, will
check with the corrected fourth differences, and thus secure
against the occurrence of an error in this process of prepara-
tory adjustment. This being done, the values for the
intermediate years of age are to be deduced by interpolation,
using the differences as far as the fourth order. Perhaps
the simplest way of effecting this is to determine, first the
middle values a^ a* a*, &c., to re-difference the quantities
a» <*» 0« #•> &c., and again to determine, in the same man-
ner as before, the middle values a,, a» a» &c. which will com-
plete the series, and exhibit the required law of mortality.

The practical method of executing this purpose, which
may be done in red ink on the difference paper, is to form
values of A,-± (^Lh^9^^); in which A, denotes
the first difference standing opposite the place of a quantity
sought; also wm of ^ and •«"» <* A« denote the" sums of
the pairs of second and fourth differences which cross the
same horizontal line: then half of the values so found will
be the corrections to apply successively to the immediately
preceding values of a to obtain the required series of inter*
mediate values.

The volume of Messrs,Dod well and Miles would have been
perfect for the present investigation had the respective ages
on going out as Cadets been specified; but as the average
age at that time has been found to be very nearly eighteen
years, and as the number of lives is so great, I adopted
eighteen as the age common to all at the middle of the year
in which they received their appointment. The ages at
death and retirement or discontinuance, as well as the ages of
those on service at the end of the period, were thence readily
deduced by means of the dates, and inserted with the pen,
in the printed volume, at the same time distinguishing the
deaths by a conspicuous mark.

The numbers for the respective ages were derived by
going through the list first with the discontinuances, and
then with the deaths, and successively drawing a vertica
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stroke with the pen opposite the corresponding age in the
Table, observing to bind each four ttroket with the next one
drawn horizontally, in order to afford greater facility after-
wards in the counting. By dividing the work into portions,
each occupying twenty pages of the printed volume, and in
each instance checking the resulting totals with a general
counting from the list without reference to the ages, the accu-
racy of the calculation becomes more satisfactorily secured;
and any portion of it can, if necessary, be easily subjected to
an after examination, without occasioning any inconvenience.
Also, if in the investigation of any large experience, it
should be desirable to classify the lives in any proposed
manner, it will only be necessary in each case to prepare a
sufficient number of vertical columns, opposite the ages, for
the insertion of the respective classes,

In general, it will be requisite to give separate Tables of
JV+w, D, R and r; but in the case before us, JVno for
every age; n=the total number for the age of 18, and o
for all other ages; also in collecting together the numbers
of the several ages, I have thought it unnecessary to dis-
tinguish the officers on service at the end of the period from
those who, by previous retirement, resignation, or removal,
had been discontinued from the list; that is, instead of
giving R and r separately, I have at once formed R -f- r,
since by dividing the lives into only two classes, those
who have died and those who have discontinued from the
experience without death, the calculation is much simpli-
fied, less subject to error, and quite adequate to the pur-
poses of this enquiry. But in discussing the experience
of a progressing society, it will be requisite to distin-
guish the numbers composing R as essential data to be
preserved for the calculation of a future experience, since it
is evident that the J? at the end of one experience will in
reality be the N of that which consecutively follows it. The
following table exhibit* the several numbers obtained for
each Presidency:
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No. I.

ENUMERATION of DEATHS, and DISCONTINUANCES, at
each Age, and in each Presidency.

BENGAL. MADRAS. BOMBAY.
VMT

or DfccoB. Dbcoo.Death*. Death*.Uftuancc*. ttoiunce*.
Af* D. D.R + r. D. R+r.

18 95 70 16 13 6 1
19 143 103 109 44 45 35
30 143 90 114 44 78 20
31 133 107 139 63 57 36
33 141 84 118 70 59 28
23 133 105 133 116 62 36
34 144 105 55 42 32
35 93 108 61 53 37
26 117 8 10
3

3
9 8 53 36 29

7 106 90 71 43 48
28 104 183 91 83 48
29 109 123 93 115 33 67
30 103 217 90 135 36 51
31 83 157 77 84 36 50
33 80 159 65 80 30 44
33 70 85 63 53 33 37
34 66 113 50 78 20 43
35 69 106 62 116 35 66
36 56 no 47 106 33 47
37 65 99 55 14 53
38 58 74 49 44 23 35
39 53 40 14
40 47 3 34 ?6 8 3
41 44 19 57 20 13 3
43 47 33 38 19 16 12
43 53 46 26 44 16 14
44 37 57 3» 33 14 33
45 38 65 46 6 34
46 43 66 21 38 16 19
47 33 80 16 38 5 30
48 26 79 17 41 9 9
49 23 44 l6 33 9 7
50 22 62 10 20 7 7
51 31 60 16 27 3 13
53 13 43 11 10 3 12

26OO 3085 2131 '950 9l6 1O08
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10

No. L—continued.

ENUMERATION of DEATHS, and DISCONTINUANCES, at
each Age, and in each Presidency.

BENGAL. MADRAS, BOMBAY.
Tear

of Discon- DUcon> DJtcon-Deftthc. Deuhc. Df*(h».tt*M»n<fc tl nuance*, ttnuince*.Age. D. R + T. I>. R + r. D. 7?-f r.

2600 3l3l3085 195<> 916 1008
53 15 11 5 8 l 2
54 17 10 9 l 4 4
55 13 14 3 21 2 5
56 U 20 3 10 3 14
57 10
5 15

23 4 3
8 6 4 10

0TQ
I

la 8 3 9 1 7
6<) 7 14 4 4 — _ 4
6l 4 13 1 4 2
62 5 4 2 4 — •_

_
63 7 a 5 —a
64 11 3 2 i ...—

a 1 3 7
66 7 3 2 —
67 4 — 3 2 — —3
uo 5 — 3 1 —a
69 .̂7 — 3 i
70 5 — l — .

— •
7* 4 l — —73 4 —3 l — —i —
73 4 4 3 —2 a —i
74 3 a l 2
75 3 4 2 — —2
76 3 2 3 —2 —̂ 1
77 1 3 2
78 a —2 — —

_79 — — —
80 — — .

— —1 2 — —̂«
81 — —i
82 — _3 — —— —
83 l — —1 —•— —
84 — —

3 —— .
85 •—— — —

— —
— — —

2787 3230 2205 2055 940 1063
2787_ 2205 940

Totals 6017 4260 2003
— —
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11
Having prepared these data, the most natural course to

be pursued, was, either to calculate separate tables for each
of the three Presidencies, or, which would be more conve-
nient, to unite all together in one general experience for the
whole of India; but to ascertain whether the latter arrange-
ment could be justified by the circumstance of a like mor-
tality pervading the three Presidencies, it was necessary
first to calculate the rough table for each separately.

By an examination of these rough preliminary tables, the
particulars of which would unnecessarily extend the limits
of this paper, I was induced to treat Bengal by itself, and
to unite Madras and Bombay, for the following reasons :—

1. Because the numbers for Bengal differed very mate-
rially from those of Madras and Bombay.

2. Because the results for Madras and Bombay exhibited
a marked similarity and a near approximation to each other.

3. Because the numbers for Bombay alone were too cir-
cumscribed to claim a sufficient degree of confidence in their
value as a separate experience.

4. Because the total number of lives for Madras and
Bombay being so nearly the same as that for Bengal, every
element of calculation for the three Presidencies conjoined,
or for the whole of India, may be inferred with tolerable
accuracy, by taking the mean or half sum of those in the
two departments thus assigned.

In the following specimen for Bengal, which will serve to
show how the numbers are next combined, I have indicated
the arrangement, which it would be convenient to adopt
with the experience of a Society.
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A Committee of Actuaries, 'Tables exhibiting the Law of Mortality de-
duced from the combined experience of seventeen Life Assurance Offices,
embracing 83,905 policies; of which 40,616 are distinguished by denoting
the sex of the lives assured and classing them into Town, Country, and
Irish Assurances,' London, J. King (1843).

A committee of experienced and eminent actuaries held a meeting
on 19 March 1838 and resolved to contribute data to afford means
of determining the law of mortality which prevailed among assured
lives. Ansell, Davies, Downes, Gompertz, Kirkpatrick, Milne,
Rainbow and Woolhouse supervised the returns with Christie and
Ingall as secretaries. 13 proprietary and 4 mutual offices pooled
their data. Among these, the Equitable Society contributed 21,398
lives and the Amicable 4,618 lives. These tables are the result.
They are the first mortality tables from pooled life office data. The
58 offices contributing to the finance each received a copy. Jenkin
Jones seized the initiative and republished the main results with
comment and monetary tables in A Series of Tables of Annuities and
Assurances calculated from a New Rate of Mortality amongst
Assured Lives (1843).

The tables were not greatly used in Great Britain, but were
widely used elsewhere, particularly on the continent of Europe.
Elizur Wright used the table in 1859 in Massachusetts, USA. They
are known variously as the '17 Offices' Tables', the 'Experience
Tables' and the 'Actuaries' Tables'. These tables were still being
used by insurance companies in some countries early in the twen-
tieth century.

E. J. Farren, 'Life Contingency Tables, Part I. - The Chances of
Premature Death, and the value of Selection among Assured Lives'
(1850), used the data to examine selection in the calendar year after
entry and concluded that initial selection was merely of a temporary
character.
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M A L E LIVES,
TABLE A (1),—Shewing, out of the number of A«inrancet effected In each Current Year of Age, the respcctire numben,

YEARS OP DURATION
fcf.

1 1 6 6 7 8 00 10
*«« 2 3 4
n

Snln DIM. EH*4 Kx. DIM. Wed Kx. DIM. tM*4 **. St. it. DtK. it. DIM. Dt*4 It, DIM. Dt«l| Bt. Due. Dle<l DtfiD!* Dl* ta. Dii. DU. 4. . Dt*DIM i DiM. Dl*d 4 .. i

1
2

3

4

9

6
17 . _

8 1 ?_ J
9 1 ! 1 1 1

10 'a a „ 2

11 1

2 1
1 1 1

12 2 1 1
13 1 2 2 1 1
14 1 1 1 1 2 3 J

15 1 2
1

3 1 1 3 1 1 1

16 4 4 3 6 1 1 4

ir 10 » 2 2 1 1 1 2 1

18 1 I 1 \ 1 1 2

19 8 6 6 1 2 4 1 4 1 1

20 18

i
10 1 J7 4 4 2 I 32 2

21 57 10 4 5 6 1 3 1 7 3 1 1 2 1

22 2 30 ' 18 9 13 8 8 7 9 6 3 5 6 5 2 2 5 4

23 25 26

i
20 4 16 16 9 14 4 2 q 2 7 7 4 1 4 1 1 6

24 45 j 22 1 14 12 8 12 7 9 1 12 4 1 11 2 1 11 3 7 7 7

25 36 34 3 18 4 32 14 13 10 21 16 20 6 1 10 8 11 3 13 2 2 14 2 8

26 26 53 4

:
26 23 23 I 22 1 15 10 20 6 8 5 3 15 3 22 2 2 8 3 e

27 4 54 3 24 30 11 2 19 5 • 1 5 5 1
I

11 |

:
18 0 2 21 2 1 1 21 2 8

*

23 55 53 32 14 I 18 9 14 5 10 2

:
20 12 1 20 4 1 20 2 14 3 15

29 3 32 52 4 41 28 21 5 29 11 2 16 9 5 19 13 9 4 20 6 2 15 1 6 27 4 H

30 4 44 31 29 4 3C 28 36 13 34 13 29 6 16 2 15 1 1 24 2 18 1 23

31 37 48 6 26 40 33 2 3 25 8 1 34 7 20 10 2 26 14 2S 3 0 36 3 25 1 1 17
•t32 54 5 2 38 24 7 35 2 3 23 18 3 26 17 5

I
3 2

:
C 15 4 17 5 1 19 1 1 18 3 18

33 40 5 4 44 22 7 35 22 4 35 9 40 4 8 4 12 N 7 23 1 3 18 2 10
34 5 44 5 41 34 4 52 25 2 34 6 7 30 5 5 8 5

I
18 8 11 2 2S

35 36 3 2 37 34 3 24 2 8 1 4 33 11 4 74 1 11 C 23 4 4 21 4 18 2 23

36 g5 8 39 24 17 1 41 1 32 14 3 30
"

12 2J 21 2 22 2 1C
37 42 5 3 37 32 7

:
29 28 34 6 2 19 VI 3 7 3 :17 21 5 2 22 2 2S 1 2 18

33 55 4 30 31 41 24 5 22 6 21 11 2 9 19 7 4 21 4 35 2 18 )4
39 40 4 5 39 31 6 45 30 13 3 26 3 3

2
7 r26 8 11 2J 5 1 10 1 1 19 8

40 46 64 3 34 20 7 40 3 29 16 3 11 4 1 15 4 4 26 13 2 24 2 la 5 2 13 S J 15

OTW 7 27 805 977 68 632 581 73 644 394 4G 524 203 38 441 191 45 420 141 46 379 206 47 363 75 27 347 44 31 333 34 2-J 261

0 1 .1 1 2 3 4 5 0 7 a !) 10
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;« etch year of duration, cancelled by discontinuance and by death, and Muting at the termination of the OUerratkm*.

OP POLICIES.
<w>

111 12 3 14 15 10 17 13 19 20 21 22 jtt **1
M

^JWn4 Kt. DU. tHfdEi. EI. iH».'m»«i HI. t*. D(«4 Ex. DU. Dt«i Xt. Dti. DW4 XL DW.'DW4 XL Dte. DM XL Dt*. DM EL CL DUt XL XL x^/7

I
2
3

4

5

6

1 7
8

9

l 2
1 10

| 11
1 12

13
1 ,

2 .. ) 14
, 15

1 } I 1 16
J 1 ] 17

I 18_
I 19

1 20

c ) 21
1 23

. 1 G 1 .]. 1 1 23

C 13 1 1 24
.

12 24 g 23

1 26
<> )

1 .. 21 1 14 1 27
1 1 10 i 27 1 23 10 I 2ft

7 25 |1 34 C

20 3 1 21 16 61 * : 29
30

4 1 21 29 34

:
H c

! 2 10 30 30 1 2

;
31

1 1 33
1 2 18 22 21 8 I 33
8 .. 20 32 1

]
14 1027 1 1 1 1 34

1 3 13 2-1 1 1 28 14 35

2 . . 19 1 31 1 24 1 8 3 1 1 36
3 .. 11 \ 35 1 21 1? 37

1 11 J
2 i 10 22 1 28 33^
.. 1 110 a 22 20 11 10 2 30
1 2 20 i 2-i 33 *>

«* i35 16 27 31 14 10 :
2 22 14 C 399 178 • . • 3 ;4223  6 1 '  6

*

13 14 15l -
11 12 10 - 17 10 l» 20 ¥T 22 23
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