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FOREWORD

The principal aim of health care research at IIASA has
been to develop a family of submodels of national health care

systems for use by health service planners. The modeling work
is proceeding along the lines proposed in the Institute's cur-
rent Research Plan. It involves the construction of linked

submodels dealing with population, disease prevalence, resource
need, resource allocation, and resource supply.

In this paper, Professor Nanjo, from the Fukushima Medical
College, Japan, generalizes Keyfitz's method for measuring the
increase of life expectancy due to a marginal reduction in any
one cause of death, He relaxes Keyfitz's assumption that the
number of deaths in each age group is decreased at a fixed
rate and goes on to derive a mathematical formulation that
leads to an improved approximation.

Recent publications in the Health Care Systems Task are
listed at the end of this report.

Andrei Rogers
Chairman

Human Settlements
and Services Area
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ABSTRACT

The effect that one type of medical improvement will have
on life expectancies is often computed using a life table. 1In
classical methods, such as Greville's, the increase in life
expectancy has been dealt with by assuming that deaths from
a particular cause have been eradicated. Keyfitz derived a
parameter that measures the increase in life expectancy by a
marginal reduction in any cause of death., The parameter is
additive in several causes and useful for various studies of
causes of death.

This paper is a generalization of Keyfitz's idea and
deals with a case where some percent of the deaths from a
particular cause are eliminated, not necessarily uniformly
in all age intervals.
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A SIMPLE METHOD OF MEASURING THE INCREASE OF
LIFE EXPECTANCY WHEN A FIXED PERCENT OF DEATHS
FROM CERTAIN CAUSES ARE ELIMINATED

1. INTRODUCTION

Life tables are often used in the analysis of the increase
in life expectancy when certain death causes are eradicated.
With this tool we are able to obtain the difference between
the life expectancy for all death causes and the one calculated
on the assumption that deaths from a certain death cause have
been eliminated. There are several methods for calculating
these life tables, among them Greville's methods (Greville, 1948
and 1954), and those of Preston et al.(1972) are well-known.
However, when we use these traditional methods, the following

points are gquestioned.

(a) Usually

d, + dB < d

A A+B

when dA, d and dA+ denote, respectively, the

'
increase o? life expzctancy assuming that death
causes A, B, and A+B have been eradicated. In this
case equality does not hold. That is to say, the
increase of life expectancy is not additive with

the two causes of death.,
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(b) Greville's and other traditional methods discuss the
case in which deaths from a certain cause have been
eradicated. We are more concerned here with the case
in which some percent of the deaths from several
causes are decreased. In the former case, for
example, one hundredth of an increase in life ex-
pectancy, assuming that deaths from cause A have
been eradicated, cannot be used as the increase
of life expectancy when one percent of deaths from

death cause A has been eliminated.

(c) The traditional methods assume that several death

causes are independent.

In our case the assumption in (c) cannot be avoided.
Points (a) and (b), however, have been discussed by Keyfitz
(1977a) . He has derived a parameter that measures how much
life expectancy is increased due to a marginal reduction in
any cause of death. This parameter is additive when several

causes of death are considered.

Our method is a generalization of Keyfitz's idea. When
some percent of the deaths from certain causes are eliminated,
not necessarily uniformly in all the age intervals, we can
easily get the life expectancy, based on a given life table,
by using the sets of parameters that have been obtained before-
hand. Our method is also additive for several causes and has

interesting applicability to the study of causes of death.



2. GENERALIZATION OF KEYFITZ'S RESULTS

To begin with, I will explain briefly Keyfitz's idea
(Keyfitz,1977a,b). If the chance of dying in the time interval
dx of a year for a person who has reached age x has been u(x)dx,
suppose that this is changed to p'(x)dx = u(x) (1+6)dx. In this
case, 8§ will be a small negative quantity, typically -0.01,
representing 1 percent improvement in all causes at all ages.

The probability of living to age x then changes from

1(x) = expl- {xu (x) dx]
to

1'(x) = exp[-{xu(x)(1+6)dx] = 1(x) '*¢

this being approximately
1(x)[14d 1In 1(x)]

in the neighborhood of § = 0 by Taylor's expansion. The life

exXpectancy at birth changes from

‘%0 = %1 (x)dx
0
to
% w
e! = [T1'"(x)dx
0

Therefore we have

(Oe(') _oeo)/oe0= fw[l'(X)"l(x)]dX/fwl(x)dx
0 0
='5[{w—l(xﬁh1l(xﬂx/gwl(x)dx]= -8H,
where

H =-£wl(x)ln l(x)dx/{wl(x)dx

This expression shows that the effect of the elimination of 1

percent of deaths on the life expectancy will increase (%0 by

H percent.



Similarly, suppose the age specific death rate from the

cause 1 changes from

to
w3 (%) (1+6)

The probability of living to age x then changes from 1(x) to

1M 1821001 + sin 14 (7

where l(l)(x) is the probability of living to age X in the face

of risks from the cause i1 alone. Therefore, in the same way

as we mentioned above, we have

(o}

(&) - %O)/SO - —su')

where

(i)(x)dx/{wl(x)dx

This shows that the effect of the elimination of 1 percent of
deaths from the i-th cause on the life expectancy will increase

(1)

@]
e

0 by H percent.
Keyfitz'sidea is based on an assumption that the number of
deaths at each age group is decreased at a fixed rate. This

assumption is, however, often unsuitable for real situations.
Here, therefore, let us make a general assumption that the rate

of decrease in deaths at each age group is not necessarily fixed.

According to Greville, it is known that the probability of
living n year after age x in a life table from which the cause

1 is completely eliminated is closely approximated from



where nPX relate to the life table with all causes present,
and

il) represent respectively the number of

deaths from all the causes and from the cause i alone in the

in which D and D
n x n

age group (x, x+n-1), In this case, if the number of deaths
from the cause 1 is not eradicated but decreased by —1006x%,
it can be shown that the probability of living in the age

interval is

1+an(l) Gx

nPX (Gx < 0)

as in Greville's expression (Greville, 1948).

Therefore, if the deaths from the cause 1 are decreased at the

rate of -6, -§,+++, -6 , -6 for the age interval 0~4, 5~9,...,
0 5 85

80
80~84, 85+ respectively, the probability of living to age x is

i (1) (1) (1)
T Yo 60] [ b tsYs 55] . [ b 1+5Yx-56x—5],
X __5‘0 5 5 5 X—S
(ins (1) 6x—5
=| P. ¢« P_+ee_P . pSYO (?.. PSYX—S:I (1)
150 55 5x5 50 5 x-5
This is equivalent to Keyfitz's expression, l(x)[l(l)(xﬂé, if
60 = 65 = ... = 0. Here, using Taylor's theorem as above to
hold linearity, we have
(1) (i)
1'(0) 2 P Prv..P (146 1025 O ) (146 10805 )
- 50555 x5 0750 57755 e
(i
5Yx=
(146, gln P o )
Yo () s

= (SPO...SPX_S)(HGOlnSP0 oS _oIngP o ) (2)



This is a closely approximated expression when each Gk is small.

Thus

86 - 80 = /Y1 (x)ax - {wl(x)dx (3)

0

can be expressed in the linear form

_ (i) _ (1) _ (1)
(=8,)¢€, + (=6 )Cg T 8g5)Cgs (3a)
where C;i) can be calculated from equation (2). Therefore,

from this expression we can obtain the quantity cf increase

in the life expectancy at birth Oe6—<%0 at once, if we have
coefficients Célz...,cé;) for the cause of death i beforehand.

3. OUR METHOD OF COMPUTATION

For x=0,5,10,...we denote 1(x), 1'(x) by 1,, lx respectively,
and then write

5dX = 1y - 1X+5 (4)
_ _ (1)

Bx Yx In SPx T s5¥x lejl SPx (5)

x = 1, (1484 +Bg + ... + B _c) [cf.(2)] (6)

Sd; = 1x - l'x+5 (7)

Let nLX be the total person-years lived by the stationary popu-
lation in the age-interval x to x+n. Then

nBy = nLx - nlx+n

= 8
n9x 8)



is the average number of years lived in the age-interval x to

x+n by those who die in it. Using this nAY’ we estimate an'

<

as is often done, by

= +
Px = Mx4n P x ndx (9)
. . i
Here for the sake of brevity, we use Ax’dx’d;’ Y; ), LX and

' . ] (i) L
Lx in place of 5Ax’ de, 5Yy s SLx’ and 5Lx' In the last

age-interval, we use the age-interval of ages over x.

For example, L100 = wL100. Then we have

Ly = 515 + Agdy = S1(1+8,)+A {1 =15 (1+8,)}

0 0%
= 515(148,) + A (d -1.8,)  ('1,=1,)
Similarly
Ly = 515 + Bgds = 51,0 (1+8,+8, WAL, (148) -1, 85}

L.,= 5110 + A1od10 = 5115(1+Bo+85+810)+A10{d10(1+50+55)

- 10
Li5 80} (10)

==l ' =
L g5= 51100" Bgsdgg = 51100 (1Bt . -+845)
+ Bggldgs (148 + ... +894) = 1140 Bgs!

In the last age-interval

L]
Lioo = L1o0 (1+50+ ce. + 895)/(1+y100)
This is equivalent to Greville's expression (Greville, 1954)

used to get the life expectancy 8x at age x in the last age-

interval (x,») when a death cause has been eradicated. This



is approximately equal to

Ligoh + By + ovo + Bgg) (1 = vqq0)
= L100{(' * Byt et Byg) - Y100'Y1oo(80+"'+895)}
T Lygo (MBg + -v + Bgs) = ¥i90T100

if Yy (k =0, 5, 10,...) is small.

=
1

£
Il

515(80) + AO(-lSBO)

= (5_A0)1580

5 L5 = 51945 (Bo+Bg)+Ag1dsB,-1,,85)

= LgBot5lygBs — Agl,,Bg

= LSBO+(5—A5)11OB5

107010 = 315 (BotBs+B ) A 51, (Bo+R o) -1 584}
= Lig(Bp*Bs)+5115B15-A 011581,

= L10(80+85) + (5-A )1158

10 10

L95_L95 = 51100(80 + ... +895)+A95{d95(80+...+890)_l100895}

Lgg Byt --+ + Bgg) = (5-Agg) 140Bgs

and

L 1007 %100 = L100Bo*--+*Bgs) = Y1500100

(11

(12)

(14)

(15)



Sum up both sides of the expressions (12) to (16) and divide

the total by 1 Then if we use

0
=L+ L + T, =L+ L .. +
Tx T 7k x+5 o X  x x+5 ’
we obtailn
o, o 1 [
e _- e = _ -
0 0 10(T0 To) (17)
-1 [e (P +(5-A.)1.}
T,l0""s 0’15
+ 85{T10+(5—A5)l10}
+ BiolT s+ (5-A )1 g} +
+ Bgg{Tig0t (5-Ag5) 11g0) "Y100T1oo]
If we write
(i) p
(1) Yx Insty _ 3
C, __-——TB——— {Tx+5+(5 Ax)lx+5} (x=0,5,10,...,95)

(18)

(1) _ (1)

Ci00= Y100 T100”1o

and if we refer to the expression (5), we obtain

- 4 (1), ,_ (1) _ (1)
-e. = SO)C0 + ( 65)C5 +...4( 6100)C100 (19)

(1)

(i)+ C(i)+. +C(i) is denoted by C85

85 90 T 7100

we obtain the expression (3a) in section 2. In the case of

In this expression, if C

oeé0—°e60, as in the case of age 0, we start from 1

60 and obtain

60 for age
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o' o _ 1 _
€60” 60 " 160[860{T65+(5 Ago)lgs!
+ 865{T70+(5—A65)l70} +
(20)
+ Bgg Tyt (5-Rg5) 1100 t=Y19g 100!
Therefore if we write
. Y(jhn P
(i) _ - 'x 5 x _ _
CX = T {TX+5+(5 AX)1X+5} (X—60,65,...,95)
) . 21)
(i)_ (1) (
C100=  M00%100” 160
we obtain
o' o _ . (i) _ (i)
€0 €ro ( GGO)C60 +.. .0t ( 6100)C100 (22)

(1)
X
or x = 60,65,...,85, it seems to serve our purpose sufficiently.

Now if the coefficients C are computed for x = 0,5,...,85,

However, there is some doubt about the expression in the treat-

ment of the last coefficient:

(1) _ (1) _
Cgs = Vg5 Tgs/lgr or  Cgp'= Yg5' Tgs/lgp-
(1)
X
that is, to 100 years of age as shown above. 1In this case, it
should be noted that Cféé is extremely small. In Japan, the

Therefore we computed C to as advanced an age as possible,

data necessary for this computation are available.

In its practical use, we can use the table that summed
up the figures of ages 85 and over form the table calculated
in the above-mentioned way (cf. Table in Section 5 and Appendix
tables).
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4. RELATION BETWEEN OUR RESULTS AND THE RESULTS OF KEYFITZ

According to Keyfitz (1968, p.342), it is known that the
o) _ . s .
effect on eoof Aqu = 3, - 59y when the probabﬁllty of dying
in the age-interval (x,x+4) changed from 59, to ggy 1is

approximately

' [@] . lx ) (23)
o S0 %~ Ta (eyy5¥5-A )DL 5ay

And if we take out only an age-interval (x, x+4) from the ex-

pression (17), we obtain

(24)

1
B l0 Bxlx+5(%x+5+5_Ax)

The expression (24) is one which was obtained by quite a different

idea from (23), but both of them give much the same result. This

is shown in the following way. If nyél)is small
1+6 Y(i) .
p. XX = p (146 v p) (25)
5" x ° 5°x X'X 57 x
1+6xY;l)
Therefore, if we dencte 5Px —SPx by ASPX, we obtain
from the expression (25)
- (1)
A5Px = Oy Vx 5Px In sPx
i.e.
1
_ _ (1) 7x+5 .. a1
bgay = Sy7y —1— 1n 5P (= gPy=1-59,)
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therefore

- (1) -
'lequ h SXYR log 5Px lx+5 a Bxlx+5

so we get our result.

5. AN APPLICATION AND COMMENTS

i
As an example,let me show part of the table (Table 1) of Cé )

for males,which is taken out of the Table A2 (Appendix) computed

by our method, using the life table and the statistics of mor-

tality of Japan for 1970.

Table 1. The coefficients Cél)for malignant neoplasms and
cerebrovascular disease on Japanese males, 1970

Start of age Causes of death
interval coefficients B19% B30b
Total c 2.02632 2.46930
0 C0 0.02698 0.00530
5 C5 0.01705 0.00148
10 C10 0.01338 0.00158
15 C15 0.01855 0.00352
20 C20 0.02115 0.00u4u8
25 C25 0.02680 0.00958
30 C30 0.03874 0.01798
35 C35 0.05910 0.04426
40 Cuo 0.08999 0.07757
45 CuS 0.13889 0.10699
50 C50 0.19812 0.16027
55 C55 0.26542 0.23360
60 C60 0.31843 0.33045
65 C65 0.32470 0.41371
70 C70 0.25360 0.44192
75 C75 0.14763 0.35570
80 C80 0.05458 0.18977
85 Car 0.01322 0.07116
ZBl9: Malignant Neoplasms

B30: Cerebrovascular Disease



-13-

According to the table above, if the number of deaths or
death rate from B19 at all ages is decreased by 3 percent, we
have only to multiply C by 0.03 to get the increment of %0:
2.02632 x 0.03 = 0.061. As another example, if the death rate
from B19 in 1970 is decreased by 4 percent at ages over 50 and
by 2 percent at the other ages, 0.02 x (CO+...+Cu5) + 0.04 x

(Coo*---+Cgg) = 0.072, that is,% . will increase by 0.072 of a year.

0
And if the death rate from B30 decreases by 3 percent at
ages over 60,

0.03 x ( + C +

C60 65 ce. + C85) = 0.054

that is,oeO will increase by 0.054 of a year. If we want to take
these two cases together, we have only to sum up the two results

above, so we have
0.072 + 0.054 = 0.126 year

In our computation we also assume the independence of death
causes as do the traditional methods. [Assumption (c) in section
1]1. And the effect of reduction of deaths from a death cause
upon the life expectancy is extremely small. If the assumption
of independence is not built up, the effect will become still

smaller. In fact, however, the independence does not exist.

Keyfitz's and our methods should be used for the case of
marginal reduction but not for that of the eradication of
deaths from a particular cause. However, if these methods are
to be used for the latter case, the effect of the eradication
of deaths from a cause upon the life expectancy obtained by
Kevfitz's method will be a little smaller than that of Greville's
method, and the effect obtained by our method will be very much
smaller than that of Keyfitz's method. If we take the assump-
tion of independence into account, we can consider our result
to be the upper limit of the effect of the elimination of deaths

from a cause upon the expectation of life.
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6. CONCLUSION

It has been said that the traditional methods are inade-
guate for measuring the effect of the marginal reduction of
deaths from a particular cause upon the expectation of life.
We generalized Keyfitz's method, which was devised to im-
prove these methods. By our method we can easily calculate
the effect of some percent elimination of deaths from a death
cause in any age-interval upon life expectancy. And the ap-
pended tables computed for this will be of much use for the
study of main death causes. By means of our method, also,
we can easily get the parameters which are equivalent to
Keyfitz's parameter H(i) for ages over 0 and Héé) for ages

over 60.
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APPENDIX

Table A1. A list of 12 causes of death according to the inter-
national classification of diseases.

B List Number Detailed
list number

B 4 008,009 Enteritis and other diarrhoeal diseases
B 46 e 535,561,563 Gastritis, duodenitis and chronic
gastro-enteritis

B 5 010-012 Tuberculosis of respiratory system

B © 013-019 Other tuberculosis, including late
effects

B 19 140-209 Malignant neoplasms, including neoplasms
of lymphatic and haematopoietic tissue

B 26 393-398 Chronic rheumatic heart disease

B 28 410-414 Ischaemic heart disease

B 29 ' 420-429 Other forms of heart disease

B 27 400-404 Hypertensive disease

B 30 430-438 Cerebrovascular disease

B 32 480,486 Pneumonia

B 33 a 490,491 Bronchitis

B 46 d 466 Acute bronchitis and bronchiolitis

B 37 571 Cirrhosis of liver

B 38 580,584 Nephritis and nephrosis

B 45 a 794 Senility without mention of psychosis

B E 47 E810,E823 Motor vehicle accidents

B E 48 E800-E807, All other accidents

E825,E949
B E 49 E950,E959 Suicide

-16-
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Notes on Tables A2, A3, A4, and AS

1. Data are Complete Life Tables and Death Statistics published
by Department of Statistics and Information, Ministry of

Health and Welfare, Japan.

2. Causes of death are based on International B List Number.

(cf. Table A1)

3. Each figure in the row of Total is the sum of figures for

age 0 to 100+ in the corresponding column.

4. Each figure in the row of 85+ is the sum of figures for
age 85 to 100+ in the corresponding column.

5. Each figure in the row of G-Method shows the increment of

CEO by Greville's method in case of a cause being eradicated,

and each figure should be multiplied by 102.

6. Each figure in the last column is the sum of figures in the
corresponding row and should be used for a small quantity

of change in the death rate from all causes of death.



-18-

22066°2L 0L29°2 LESEC*0 99829 L 2€242°0 09991°0 2256270 £1195°0 2468672 92€02°0 S261€°L €£9€6L72 726€€°0 4(89LL°0  POUIIN-D
9726270 Y1900 4vl0D°0 $9700°0 6999077 9227070 64L00°0 22%20°0 9LLL0°0 %2LL0°0 26760°0 225L0°0 R7200°0N 949000 +5e
£5000°0 €L227°0 0°0 LONGNN  §LNND®Y 0*0 AN 0LN%6*0  19999°0 070 €L909°0  §anon°o 0°0 0°0 cot
09530°0 £$502°0  20000°0  900NA*Q v.LNN%Y €£a070°0 LONONCN  RCANNTO 6BANGI  ALNANTD  QRANOT0  4paN0TO  20007°N  LL000°D §6
9¢160°0 89CNITH  QLNONTH N0NG2TN 9GLGTY SN0 §2O0AN  4henDTH  ASCLITA S9LONTD 0LANATH  9JLNNTN 92RANTN [ELRND 25
N265270 5242070 ZINNTG €4E00°T 953900)  FELANTY TGLONTO LEALATO 044C070 9940070 99nAvNT0 §eLL0°0 022000 91SG0°G 58
§6909°0 2Zv2R0'N  24500°) Q406N 49L40°7 S15ONT0 299000 96L90TNH  LLAPLTO 9222070 4C9AN°0 S6%3N°N 1260070 2301070 Cs
£965GTL ORCYLT0 §9/00°0  23220°0  SL9¢N°)  26470°0  €69!10°N LESONTO  NUSSECG  €£S950°0. RYASLTO §O/%L°0 €%€20°0 022i0°0 §e
LEOLE® L ZevEL™0 {92100 916¢0°N  £Ng27°0 990LD°0 12220%0 69890°hG  24L%%°0 €25€0°0 4Lt 0 06§42°0 $3250°0 £¢6N0°D 0L
§O29€°L 66LRLT0 990LNTN  €y9unTn  €LLNNTTY L02L6°0  GEAZOTD 2995070 LJELYC0  99NEDT0 0FL9LTO 0z92€°0 NIL9G°0 £2.00°0 §9
£re6L0L SNSOLED  C/ELND 969¢0°0 91200°)  9¢ZLO'D  LFOSNTO CZAL0NT0  §Y0EETN 2202070 265910 ¢weLET0  £2€79°0 925000 09
50el6°0 LFefL™D 50220°0  L1120°0 2€009°1 €92L0°N 9914070 96$20°0 0O€£2°0 RESL0°0 650LL°C 27692°0 044£3°A  vagnn*n 13
€9092°0 691110 0L220°0 024,00 60900°7 1€210°0 9425070 "9/910°0 22091°0 29010°0 LL11R0°0 2194L°0 SS<€D°0 0¢200°d 0
ergA9T0  £6969°0 102206 €£5CE§0°N 9°7 201Ll0°N SALERTN 942100 64S0L°0 986HN°0 LS4SD°0 699¢L°0 £.150°0 42100°0 1%
£0206°0  %9293°C 2%€20°0  91%80°0 0°7 41010°0 ¢ILF0°0 844N0°Q [€2.0°N 96%00°0 9529070 6468070 G9520°0 2/100°0 0"
DLYLY°0 1S820°0  LSLENTD  §£2260°n N*7 00LLN'D 6292070 054N0°0 9299070 79f00°0 2€3¢n°0 0165070 £29L0°A %2(00°0 $€
1222€°0 26692°D. 6z%£0°0 93nNL*0 0°7 %9L10°0 042000 489000 PALLOD 9910070 169200 79¢0°0 CzNL3*0 §0L00°0 g
92¢0€°0 /99370 €£19%9°0 845LL°D N°7 99100 §2260°0 9240070 R$400°0 9%LN0°0 RNLZ0°C 08920°0 §S9CO°0 €0EN0°N §2
22LLE°0  $9257°0 L5400 02060 N"7 74110 L60NON°0 RISNDT0 R9900°0  99000°0 %§710°0 $4L120°0 SLE0D°A  $n163°D 02
£2042°0 §9.%7°0  L0220°0 614510 0°) 2267070 1900D"N  2£ON0°0  25£00°0 §9000°0 224N0°0 S$SPLO°C Gvi00°H  $¢C00°Q st
989LL*0  0€1L%7°0 89200°0 20£90°0 0°7 09%5G0°0 8¢HNLT0 1L1400°0 QSLONTN  20000°0 99900°0 BSSL0°0 42000°0 £4000°0 0l
129210 099917°0 0°0 69£60'0 01 227900 2£00D°0 22800°C 2v100°0 0°0 $v20G*'0 §0.L0°0 ¥v000°3 €£100°0 <
cogyg’l  $7£06°C 0°0 2z58L'0 6°7 2120070 SRNONTD  2696L°0 DIENO°O 0°0 68510°0 8692070 22100°0 99490°0 ( ws
. @

SLLETLL 220€4°2  SELL0 S8R6YC L 24222°0 25910 9:062°D 919960 06992 0C46L'0  02212°L 25920°7 L26E€°0 2:911°0 1936
sosned sisylo  e6hId gtdEg B Sbd ged Leg  p 9vdg ocd Lzg 628 61d 9€ @ 9bd  u3esp

1TV Lyag e £€d ‘ged ‘qg ‘va Jo

fzed 9cd sasne)
(,_0L X)
-

(sbueyo jo X3tjuenb TTews
‘0L6l ‘soTen ossueder ‘Oy uo yjzesp jo asneo Xq pue
Teazo3jut-9be Aq sy3lzesp JO Idqunu ul o96ueyo | JO 3Io9IIS OYL ¥ SIqel

e JI0J posn o pInous STUlL)



-19-

£229€70 289900 ¢alfN®0  £2900°0 1228073 Rg20D°0  22200°0 90050 0 9792070 96L10°0 £4290°0 040l0°0 L0E00°0 91800°C <%
09nrGH 2L 070 20a00°0 419090 00 Ath 2i0n0ta 29nantn 0'0 91060 £aNN0°0 n°n n*o oot
TLO00T0 1200700 200000 S00NNCN 91299%°)  9n3I0°0  LAANNTD 2vAnntn QOLOGT0 §LA9NT0  QLIGNTe  LiAphen 2007070 £1000°C €4
LégoD®D  S0407°0 220antn 9200070 ¢9411°7 909070 LEAN0T0  OSSHNTO 63721070 6NZNN0  62LL1A°0  951A0TC  2£000°N  £9L00°0 28
2€262°0 749990 0GLONTO  €6700°0 0£799°7 L€270°0 £4L0NT0  $6€20°0 6294070 $2L10°N  6INS0TA 0291070 §£2200°0  /§90n°C €¢
22254°0  €£2201°0  92200°0 23€10°0 298R7°7 9290070 94.00°0 2¢wg0°0  /$4€2°0 $2R20°0 53401°D £9290°0 L1pi0°N  22i0°0 3
59492° 1 SESLLTC  G240N°0 €£9227°0 21497'0 €8470°0 20310°0 0CLE0°0  Zit9%°0  €R24%0°0 %902L°0 NLE]L°0. 90620°D CLGLO°0D §Z
9129 i §2422°0 6GCSLIN"G 4SE9N'N 4L .mmm_.a.o €C220°0 ¢h9RD°0  21%%¢°NH L€290°0  LR9L7°0  %9C21€°0 259%0°0 28iLH°C O«
22049°L 2029270 L9N20%0  6S/60°0  9SANNT T L8910°C N99ENTR £5020°0 24ELS 0 S22T0°0 0S/02°0 2020970 SRS 1692070 <9
RZ98Y L 2470270 ¢9v20°0 OLEL0'0 §9200°7 05CL0’0 735%0°0 0£690°0 9%60%°0 9/420°0 860RL°0 S6%65°0 29€S0°D 259350 Z
9ilgiTe ¢BL66°0 9090070 00Lzzto  8BLG270 4920070 6L2CL70 L{0UC'0 OGSCT'Z fga.co  2226°0  OnGlETL  €0L02°0 6625070 nara:
(,_0L x)
N.I

(ebueyd 3o A3rjuenb TTews e I03J pesn 9 PTNOYS STUL)
‘0L61 ‘soren osoueder ‘0% uo yjesp jo esneo Aq pue
Teaisjur-obe Aq syjzesp JO Ioqunu ut sbueyd y| JO 3ID9IIS BYL

* €Y 9TgeL



-20-~

20S62°LL L9E97°2 96562°0  79€0S°0  LEL29°7 9R69L'D  8LLvL°0 0824S°0 SYRRR'Z  70692°0 9064€°L S06€0°2 910610 €2€$1°0  poy3eM-T
(%6970 9942070 2820070 7£600°0  £2292°7 99900°0  RY20070 6597670 LOLILTN  19/20°0 ZROLLTO ' 2s020°0 9920070 £2020°3  .¢g
22503 veanttn 9°0 8GRAN'N §LNNT9  ’nnancn 0U0 9GRN0G 690070 GLOANO 420000 0Lnp0"0 0°9 <1nnot0 o1
PSY2A*N  9S200°0 €ANANTD  4L0GNNH  ZLELN® LLONDTH LNNTATO GOL0ATH §HENNT0  PGANDTA wASA0TN 45NN0TD 0°N  £5003°0  ¢g
247GL0 9POLYT0 590000 €ALONTA 6956070 LGANNTN £ENA0TN L9NL0T0 2247070 9690070 £1920°0  PE2NNTD £SNNATD 2e90atG g4
9§~16%0 296¢7°0  2¢290°N  v1200°Nn  LEACLtY 2690000 CL2AGT0D 0)GENTN  §9921t0  SN220°0 £29PN0 SeJiG°C SL2T0TH LS00 ¢
8REALTN 279210 D2SN0°0 22610°N  099GLTY Z0R000 9LNCT0 ZLRSNTN 299LEN 2225000 ZR0O9LTO LSeS0L  S&STNTH 24220°0 gp
SosLLTl 169410 20210°0 $9€20°0  L6ZAN*Y  AALLN*N 225100 6669070 9N99%°N  R99SAT0  6/261°0 NLwCL 0 §2210°0 212200 ¢,
9060L L $26RL°0  69010°0  £4¢20°0  10ZENTT 206100 LOZLR™D  9RN9N°N §£6955° N 09y0°0  ¢EQRL0  1S§22°0 €6°L0°0 SLyiG°N  qy
62F0L°L S§29L°0  2SOiN'T  1962A°7 QLAYNTY  99fL0N  224L0TD SE290°0 0ZL6EN LLLsnt0  £N26L°0  L29%2°0 %SO [Nn°N  92arp°0 <9
RPOL6N  DEsfL*D  &1/10°N  9§920°0 2020070 09100 99920°0  21620°0 6906270 091200 §SyL1°0  RAL62°0 0F/LN°D  6,970°0 g0
$02127g $A3LT0 QLQLntn 2827070 L600NTY LSOO SEALDTD  RAQLNTO 0099176 290L0CD SLSSNThH £0§§2°0 Y0130 ewvnntd e
FYCC D §zwen D 0CeLAtn  21220°0 0T 80LLO*O 299L0T0 90YLDTA NGZLLTO SL80D°0  2§290°0  £0/6LT0 2S6LN°0 L1060 ¢
208990 L29¢)°0  29/19°0 20612°6 0°3 99210°n  LZLin'C §9600°N §£2790°0  65%00°0  S5evntO vEASLT0 §L4LN0N £pzant0 <y
6599€°0 964010 6121070 $eNzN0 Nt €anLATH  LAONNTO ZReN0T0 Z9SENTA £2£00°0  295ENt0  SLRLLTO 0OALRTO  S5LAGTO g
P2022°0  9E%92°0  §L12A°G 8%ALNTD 0% 9LLLOTN 749000 92/00°0 93Z10°0 SGLGOTO 2652070 9RA0°0  ZLSL0°0  0SLA0eD <c
22022°0  %9%37°0  €£02A°0  85¢L0*0 01 8L0LOTO 6120070 £460A3°0  6§0LN°A gOLONTO  QA4LNTN  99260°0 6SALGTA §.1a4°0 g
LL861°0 £999)7°0 ZN9EI°0  §R2(0°0 N°7 0€675°0  4£L00°N  €£990N°0 995NN £200D°0  GZ910°N  §52€0°0  LRGNO°D 761000 c?
25621°0  25%59°0  52€90°0  6R920°0 N1°7 17819°0  §900a™h 424000 §2%0070  92006°0 @llLA*N  264LN°A 2ozpn*n  §,030°Q a2
1072100 BEASNTD 296Llntn £9220°0 AT 7289000 LSnonto L9000 §0€00°0 0°C 94900°0 SSSLD*N  LOLDDTO  ReNAND <1
868200 259270 12100°N  ¢u610'0 0°1  6$€90°0  GYILODH  G/OAGT0 2510070 0°0 Q240NN 9€710°0 %Z00N0*N 250040 at
198410 R92%0°0 00 2.6€0°0 0°1 $§270°0 $2N0A*0 6840070 2670370 0°0 8120070 66510°C 29000°N 971900 <
aseli®t 828740 0°0 ¢<0sgL*0 0*3 (RLO0°0 0£LA0°0  2$:1$L°0  €2£00°‘0 00 RIGLOTC <€i§2G°C 9PI£00°Q $R6£0°0 g
(5lv)
76262700 059vET2 8226270 YI206'0 0vS0STN 328910 N1t LURSSTO 0§22777 2929270 wun9ztL  LLSSETL 9€6%L°0  €£546.70  rigex
sesned  saaylo 6vddg 8vdd ® gpd gtd Led P opg ogd Led 6cd 61d 9d @ 9pd yaeap
11V Lvag e cedg gzd ‘cg ‘pd Jo
ced 9zd sasne)
(,_0L %)
(2bueyo 3jo A3T3uenb [leWs ® I0J pasn 9q pPINOYS STYL)
‘0/6l ’‘soTews3z osaueder xowu uo yjesp JO asned A pue
Teaxajur-sbe Aq syjeop JO Ioqumu utr o2bueyd ¥| JO IDDIIS OUL " HY °Tdel



i
—
N

I

6276¢°0C

D lelghd
9hs2C"
nEcsi’
2492
fecgL’
[T
Leggy”
£9%52° 1L
£51%0°%4

engiete

e N & BN |

- —0

$EI4% 1

§2¢12°0n
026°L°0
£73¢L'D

£98€5°0

0z§NI°0 294100 R|50NE2° €£2%0N0 2870ptn ¢l260°0

n*n  A0N00°GC  44L00°D Lonaf*n
500000 L2onatn /71000 RELNNTO
LSOBS™N 412000 21§07°3 solln®h
¥920N*0  21EN0°0  2.25L%D 293¢0
Q%2000 RazLN0 4252t oLeen"™N

298N 6A920°n 9gLLL) 6361070 Q940D
§68LG°0 N<a20°0 Qu227°) TaNzon ALa9N" D
211200 g£1629°0 42L10°) 310200 QL9900
SSHLN®D  L2420°'0 9£200°7 86¢5t0°N 2R220°D 2L550°0

L0£Q0°0  QLLMLTO  €£L5L6°C  pSGL0*0  90620°0  BBBHETO

2R€7L°0

9¢AN0°0
2450070
§2760°N
LioyLto
L45.65°0
L0088°0
34016°0
§Y648°0
§79Q2°9

ggeLe*e

0yLg0D  /e2¢1°0

2006070 9¢nnGt0
260000 ”%900°0
794000 462N
ROS2GD €0”6N°0
FE950°N  p42eLc0
927900 94%2?2°0
L6&Ts0°0 02wl n
RESEO0 16221L°0
2592G°0  62051°0

%3€92°0  928S0"L

cese0°0

210000
REHOHD0
$6200°0,
Zenentn
2¢240°0
2254170
6655270
85282°0
6246270

GELLLtL

GgeCd°0

n*n
nen

RECNTTO

geP0NN

Lionntn

L6stocn
£6120°0
6N420°N
§9610°0

6£550°0

ggc2n-d

Q{0900
Lennneq
698000
L2e¢tn=0
208200

91L522°0.

605100
4960070
L2600°0

65%0L°0

\

+
v
~

O I Danmn
o

N Fe w0 O

O wm
LeRR o]

“

(R

{u3ol

(,_ 0L X)

(9bueyo jyo A3T3uenb TT

*0L6l ‘sorewal asauedep

ewus v JI0

109

F pesn 9q pInoys STYL)
9o UO Uzeap JO asned Aq pue

Teaxsljur-abe Agq syieap JO Isaqunu uTl abueyd Y| JO IO09IID BUL

"GY 21qFlL



RECENT PUBLICATIONS IN THE HEALTH CARE
SYSTEMS TASK

Shigan, E.N.,ed. (1978) Systems Modeling in Health Care.
Proceedings of an IIASA Conference, November 22-24,
1977 (CpP-78-12).

Gibbs, R.J. (1978) The IIASA Health Care Resources Allocation
Sub-Models: Mark 1 (RR-78-08).

Gibbs, R.J. (1978) A Disaggregated Health Care Resource
Allocation Model (RM-78-01). '

Kaihara, S., N. Kawamura, K. Atsumi, and I. Fujimasa (1978)
Analysis and Future Estimation of Medical Demands Using
A Health Care Simulation Model: A Case Study of Japan
(RM-78-03) .

Fujimasa, I., S.,Kaihara, and K. Atsumi (1978) A Morbidity
Submodel of Infectious Disease (RM-78-10).

Propoi, A. (1978) Models for Educational and Manpower Planning:
A Dynamic Linear Programming Approach (RM-78-20).

Klementiev, A.A., and E.N. Shigan (1978) Aggregate Model for
Estimating Health Care System Resource Requirements (AMER)
(RM-78-21) .

Hughes, D.J. (1978) The IIASA Health Care Resource Allocaiton
Sub-Model Mark 2: The Allocation of Many Different
Resources (RM-78-50).

Hughes, D.J. (1978) The IIASA Health Care Resource Allocation
Submodel: Estimation of Parameters (RM-78~67).

-22-



-23-

Hughes, D.J. (1979) A Model of the Equilibrium Between Different
Levels of Treatment in the Health Care Systems: Pilot
Version (WP-79-15).

Fleissner, P. (1979) Chronie Illnesses and Socio-Economic
Conditions: The Finland Case 1964 and 1968 (WP-79-29).

Shigan, E.N., D.J. Hughes, P. Kitsul (1979) Health Care Systems
Modeling at IIASA: A Status Report (SR-79-4). '

Rutten, F.F.H. (1979) Physician Behaviour: The Key to Modeling
Health Care Systems for Government Planning (WP-79-60).

A Committee Report (1979) to IIASA by the participants in an
Informal Meeting on Health Delivery Systems in Developing
Countries (CP-79-10).

Shigan, E.N., P. Aspden, and P. Kitsul (1979) Modeling Health
Care Systems: June 1979 Workshop Proceedings (CP-79-15).

Hughes, D.J., E. Nurminski, and G. Royston (1979) Nondifferenti-
able Optimization Promotes Health Care (WP-79-90).

Rousseau, J.M., R.J. Gibbs (1980) A Model to Assist Planning
the Provision of Hospital Services (CP-80-3).

Fleissner, P., K. Fuchs-Kittowski, and D.J. Hughes (1980)
A Simple Sick-Leave Model used for International Comparison
(WP-80-42).

Aspden, P., R. Gibbs, and T. Bowen (1980) DRAM Balances Care
(Wp-80-43).

Aspden, P., and M. Rusnak (1980) The IIASA Health Care Resource
Allocation Submodel: Model Calibration for Data from
Czechoslovakia (WP-80-53).

Kitsul, P. (1980) A Dynamic Approach to the Estimation of
Morbidity (WP-80-71).

Shigan, E.N., and P. Xitsul (1980) Alternative Approaches to
Modeling Health Care Demand and Supply (WP-80-80).

Hughes, D.J., and A. Wierzbicki (1980) DRAM: A Model of Health
Care Resource Allocation (RR-80-23).

Aspden, P. (1980) The IIASA Health Care Resource Allocation
Submodel: DRAM Calibration for Data from the South
West Health Region, UK (WP-80-115).

Mayhew, L., and A. Taket (1980) RAMOS: A Model of Health Care
Fesource Allocation in Space (WP-80-125).

Mayhew, L. (1980) The _ Regional Planning of Health Care Services:
RAMOS and RAMOS™1 (Wp-80-166).



