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FOREWORD 

Interest in human settlement systems and policies has been 
a central part of urban-related work at the International 
Institute for Applied Systems Analysis (IIASA) from the outset. 
From 1975 through 1978 this interest was manifested in the work 
of the Migration and Settlement Task, which was formally con- 
cluded in November 1978. Since then, attention has turned to 
dissemination of the Taskl's results, to the conclusion of its 
comparative study, and to the exploration of possible future 
work that might apply the newly-developed mathematical method- 
ology to other research topics. 

This paper outlines a new and improved procedure for cal- 
culating a multistate life table from transition data. A novel 
feature of this method is the use of transition proportions 
conditional on survival. The exposition draws on migration 
data for the United States and the United Kingdom. 

Papers summarizing previous work on migration and settlement 
at IIASA are listed at the back of this paper. 

Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 



ABSTRACT 

S a t i s f a c t o r y  c a l c u l a t i o n  methods a r e  c u r r e n t l y  a v a i l a b l e  
f o r  implementing t h e  movement approach t o  t h e  c a l c u l a t i o n  o f  
increment-decrement l i f e  t a b l e s .  By c o n t r a s t  o n l y  h e u r i s t i c  
c a l c u l a t i o n  methods have been sugges t ed  f o r  implementing t h e  
a l t e r n a t i v e  approach;  namely,.the t r a n s i t i o n  approach ,  which i s  
r e l e v a n t  i n  t h e  a n a l y s i s  o f  I n t e r r e g i o n a l  m i g r a t i o n  from census  
i n fo rma t ion .  

Th i s  paper  p r e s e n t s  an improved methodology f o r  c a l c u l a t i n g  
increment-decrement l i f e  t a b l e s  from t h e  t r a n s i t i o n  p e r s p e c t i v e .  
F i r s t ,  it s u g g e s t s  a  method f o r  e s t i m a t i n g  t r a n s i t i o n  p r o b a b i l i t i e s  
which is  a n  i n t e r p o l a t i v e  v a r i a n t  of  R e e s  and Wi l son ' s  ave r ag ing  
method t a i l o r e d  t o  t h e  t ype  o f  d a t a  commonly a v a i l a b l e .  Then, 
it proposes  an a l t e r n a t i v e  t o  t h e  u s u a l  l i n e a r  i n t e g r a t i o n  
method f o r  c a l c u l a t i n g  t h e  m u l t i s t a t e  c o u n t e r p a r t  o f  t h e  L- 
s t a t i s t i c s  o f  an o r d i n a r y  l i f e  t a b l e .  
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AN IMPROVED METHODOLOGY FOR CONSTRUCTING 
INCREMENT-DECREMENT LIFE TABLES FROM THE 
TRANSITION PERSPECTIVE 

INTRODUCTION 

Increment-decrement life tables--life tables that recognize 

entries as well as withdrawals from alternative states--are 

used increasingly in various fields of demography, e.g., in 

the analysis of marital status, labor force participation, 

and interregional mig~ation. 

In practice, the crux of their calculation resides in the 

estimation of a set of transition probabilities from which 

multista.te life table functions--generalizing the statistics 

contained in the columns of the ordinary life table--can be 

calculated. 

For the purpose of such an estimation, two alternative 

approaches are available: the movement and the transition 

approaches. Rather than being competitive, they are comple- 

mentary in that the choice of either approach is dictated by 

the data at hand. In most cases, mobility data are available 

in a format consistent with the movement approach. The only 

notable exception relates to the analysis of interregional 

migration when the mobility data come from population censuses, 

i.e., when they relate to migrants rather than to migrations. 



From a methodological point of view, the implementation 

of the movement approach raises relatively few problems since 

satisfactory calculation methods, generalizing those classically 

used for the construction of an ordinary life table, have been 

recently developed. By contrast, the few methods suggested for 

the implementation of the alternative (transition) approach 

are much less adequate, because they are more heuristic in nature. 

Perhaps, the most reliable method available from the 

transition perspective is the one set forth by Rees and Wilson 

(1977) in which the age-.specific transition probabilities are 

taken as arithmetic averages of the observed survivorship 

proportions for the two consecutive age groups located on each 

side of the exact age concerned. We show, in this paper, 

that it is relatively easy to improve on this method by 

interpolating between the observed survivorship proportions 

in a less crude fashion (through the use of cubic spline 

functions). An interesting feature of this method is that, 

unlike Rees and Wilson's original method, it is applicable 

to unequal age and time intervals, i.e., it can be used if the 

width of each age group is different from the length of the 

period over which the data are collected. 

Nevertheless, like other estimation methods focusing on 

survivorship proportions, the new method proposed generally 

fails because, in most cases, the necessary migration data 

are not available. Thus, we also propose in this paper an 

amendment of these estimation methods to produce a methodology 

tailored to the type of data generally available (.i.e., age- 

specific mortality rates and transition proportions conditional 

on survival). 

Yet another element of importance in the construction 

of an increment-decrement life table relates to the calculation 

of the numbers of person-years lived in the alternative states 

(i.e., the multistate life table functions generalizing the 

L-statistics of the ordinary life table). In general, this 

does not raise any real problem since the assumptions underlying 

the estimation of the age-specific transition probabilities 



determine as well the formulas necessary for the calculation of 

such statistics. Only in the case of the Rees and Wilson 

method, the estimation of the age-specific transition probab- 

ilities has no stringent implications for the calculation of 

the generalized L-statistics. 

In view of this, we propose in the latter part of this 

paper an alternative to the  usual linear integration method, 

which can be used, in the case of the Rees and Wilson averaging 

method and the extensions we propose here, for calculating 

numbers of person-years living that are in closer agreement 

with the auailable data. 

The present paper consists of five sections. Section One, 

intended as a background section, provides a short review of 

the generalization of life table concepts to the increment- 

decrement case and briefly contrasts the movement and 

transition approaches. Section Two critically examines the 

two options currently available for the estimation of age- 

specific transition probabilities from the transition 

perspective. Our interpolative variant of Rees's and Wilson's 

averaging method is presented in Section Three, whereas Section 

Four discusses the amendment of the relevant estimation 

methods from survivorship proportions to the type of data 

commonly available (i.e., mortality rates plus transition 

proportions conditional on survival). Finally, Section Five 

describes the alternative to the linear integration method 

suggested for the calculation of the generalized L-statistics. 

Our exposition is illustrated throughout by means of examples 

relating to interregional migration in the United States 

(for females only) and in the United Kingdom. 

1. INCREMENT-DECREMENT LIFE TABLES: A BRIEF REVIEW 

Life table models are helpful devices for following a 

group of people, born at the same moment, over time and age 

in transition between two or more states. In the simplest 

situation, that of the ordinary life table, there are two 

states, the states of being alive and dead, and the emphasis 



is put on the irreversible transition from the former to the 

latter. By contrast, the increment-decrement life table is 

an elaborated version which allows one to follow persons 

advancing through successive states and possibly reentering 

states formerly occupied. 

Whereas the fairly simple methodology underlying the con- 

struction of the ordinary life table has long been established 

(see Keyfitz 1968 for an in-depth discussion of such a method- 

ology), the methodological and empirical problems raised by 

the construction of increment-decrement life tables have been 

thoroughly and systematically discussed only very recently. 

The contribution of several researchers (Rogers 1973, 1975; 

Schoen and Nelson 1974; Schoen 1975; Rogers and Ledent 1976; 

Schoen and Land 1977; Krishnamoorthy 1979; Ledent 1980a) has 

led to the development of a formal mathematical treatment which 

now give increment-decrement life tables a status comparable 

to that of the ordinary life table. 

Next, in order to facilitate the understanding of the 

issues discussed in this paper, we provide a concise exposition 

of the emerging methodology of such complex life tables. 

1.1 Generalizing the Ordinary Life Table Concepts 

In brief, increment-decrement life tables can be regarded 

as generalizations of the ordinary life table in which elements 

in vector or matrix format are substituted for the scalar 

elements of the ordinary life table. In most instances, such 

a generalization appears to be a relatively straightforward 

matter, but it is not always so (Ledent 1980a). 

First, we present the generalization of the theoretical 

derivation of the ordinary life table to the increment-decrement 

case. (In the course of this presentation, Table 1, which sets 

out the formulas relating to the simple and complex cases, is 

used as a point of reference.) 





Suppose we have a system of r+l states (r intercommunicating 

states plus the state of death) in which the initial cohort is 
i 

allocated among s states (1 5 s 5 r)* and let 1 (0) denote the 

"radix" of state i. The main problem here is to estimate the 
i 

state-specific curves of survivors 1 (y) at each age y. Such 

an estimation starts with the definition of the instantaneous 
i j  mobility rates y (y) [equation (I1)] generalizing that of the 

instantaneous mortality rate p(y) [equation (I)] of the ordinary 

life table. Substituting equation (1') in the definitional 

equation (2') showing the increments and decrements to each 

group li (y) leads to the differential equation (3') which 

appears as a straightforward vector extension of the basic 

differential equation (3) of the ordinary life table. 

Equation (3) admits r linearly independent solutions which 

can be expressed as equation (4), a straightforward matrix 

extension of the ordinary life table solution (4). These r 

independent solutions of (3') are the r multistate stationary 

populations that are generated by a unit (or arbitrary) radix 

in each of the r states (regardless of whether some of the 

states are initially empty or not). 

Note that R(y)--the matrix showing the state-specific - 
survival probabilities at age y of the members of each radix-- 

cannot be simply expressed as a function of the instantaneous 

mobility rates. The straightforward generalization of (.5) 

into (5') does not hold and R(y)--as shown in equation (5") - 
--has to be determined by the infinitesimal calculus of 

Volterra (Schoen and Land 1977). R(y) is a proper transition - 
probability matrix which allows one to derive the number of 

survivors Lx at fixed ages x = O,n,2n, ..., by applying-,^as 
shown in equation (6?)--a set of age-specific transition 

probability matrices p defined as in equation (-7,): again, 
.I X 

this appears as a straightforward matrix extension of the 

ordinary life table case. 

*In most applications, (analysis of marital status, labor force 
participation, or birth parity), there is a unique "radix" 
(s = 1). But, in the case of interregional migration, the 
initial cohort is allocated among all intercommunicating 
states (s = r). 



We now turn to the generalization of the life table 

functions to the increment-decrement case (see Table 2 for 

an illuminating tabular exposition of this generalization). 

Corresponding to the Lx-function of the ordinary life table 

[see equation (8)], one can define the multistate life table 

function Lx [see equation (8')] whose (i,j)-th element has a - 
two-fold interpretation as in the ordinary life table. First, 

it may represent the number of people born in state j and alive 

in state i of the life table between ages x and x+n. Alternatively, 

it may be considered as the number of person-years lived in state 

i between those ages by the members of the j-th radix. 

From there, it is then possible to define a matrix of 

total number of person-years lived in prospect by the survivors 

at any age x of the initial radices [equation (9')] as well 

as a matrix of expectations of life by place of residence at 

age x [equation (1 0' ) 1 . 
Another generalization of interest here is that of the 

age-specific death rates m and survivorship proportions s : 
X X 

their multistate counterparts constitute, in effect, the basis 

for the implementation of the movement and transition approaches 

to the estimation of the age-specific transition probabilities 

Ex from which all the multistate life table functions can be 

calculated. 

It turns out, as shown by Ledent (1980a)., that the 

existence of a predetermined mobility pattern as defined in 

continuous terms by (1 ' ) does not lead to the constancy of 
age-specific mobility rates m or survivorship proportions s 

-X -X 
but to the constancy of such proportions further indexed by 

place of birth. This, of course, only applies to the multi- 

radix case (the case of interregional migration) for there is 

no ambiguity in the uniradix case since there exists a unique 

state of birth. 

In analytic terms, the above means that the matrix extensions 

of ( 1 1 ) and ( 12) , such as (1 1 ' ) and (-1 2 ? )  , do not hold in the 
multiradix case because the values of mx and s are affected - -X 

by the state allocation of the initial cohort. Nevertheless, 





in practice, these relationships are assumed to hold for they 

greatly facilitate the applied construction of increment- 

decrement life tables: as shown by Ledent (1978), the approxi- 

mation introduced in the process by such an assumption is 

adequate. 

1.2 Contrasting the Movement and Transition Approaches 

The above theoretical exposition of increment-decrement 

life tables shows that the applied calculation of such tables 

immediately follows from the knowledge of the set of age-specific 

transition probabilities p . In effect, the availability of 
-X 

these probabilities immediately allows for the calculation of 

the survivors 1 [using equation (6)] and that of the number - X 
of person-years lived L [once a method for integrating l(y) 

-X - 
over each interval is chosen]. Then each value of T is obtained 

-X 

by summing the L-statistics over all ages greater than or 

equal to x. Finally, the application of (10') through (12') 

provides the values of the remaining multistate life table 

statistics. 

Thus, the crucial problem to be examined is the estimation 

of the age-specific transition probabilities p from the 
-X 

observed data. For the purpose of this estimation, two alter- 

native approaches--which appear to be complementary rather 

than competitive--have emerged: the movement and the transi- 

tion approaches. 

The former approach devised by Schoen (1975) views "passage" 

from one state to another as an instantaneous event in much 

the same ways as a death. Consistent with the approach commonly 

taken in the ordinary life table, it requires input data in 

the form of exposure/occurrence rates, estimated from primary 

data on interstate moves (i.e., transfers observed between each 

pair of sending and receiving states regardless of the states 

in which the individuals concerned are present at the beginning 

and end of the observation period). The movement approach is 

thus relevant to the analysis of marital status, labor force 

participation, as well as birth parity, since the data relating 



to the events involved come in the form of such interstate 

moves. 

By contrast, the transition approach developed by Rogers 

(1973, 1975) conceives interstate "passage" as the result of 

a change in an individual's state of.presence between two 

points in time. It is thus widely used in the analysis of 

interregional migration since population censuses typically 

give information concerning the number of persons in given 

age categories who were in another region one or five years 

earlier. 

Note, however, that the analysis of interregional migration 

can also be approached from the movement perspective for 

nations which, such as Sweden or the Netherlands, maintain 

population registers: in effect, the knowledge from these 

registers of individuals' places of residence at all times 

allows one to construct migration statistics in the form of 

moves rather than of transitions. 

To date, the implementation of the movement approach 

appears to have been successfully developed: the methodology 

underlying the estimation of the set of the transition probability 

matrices p from the movement perspective is, in all cases, - X 
an elegant one, based on rigorous and transparent assumptions. 

For example, the extension by Rogers and Ledent (1976) of the 

work of Schoen and Nelson (1974) and Schoen (1975) has led to 

a simple matrix formula expressing the transition probabilities 

in terms of occurrence/exposure rates which are easily 

measurable from the primary data consistent with this approach.* 

By contrast, the implementation of the transition approach 

has not been carried to the same degree of development. The fact 

is that the few methods proposed (Rogers 1973, 1975; Rees and 

*Based on a linear integration method for the calculation of 
L , this formula appears as a straightforward matrix extension 
5.X 
of the formula relevant to the estimation of the age-specific 
survival probabilities in the ordinary life table. 



Wilson 1977) are much more heuristic in nature: they are either 

based on simplistic assumptions or on a succession of approxi- 

mations. The essence of these methods is discussed next. 

But, before turning to the next section, it appears worth- 

while to contrast further the movement and transition approaches 

from a more practical point of view. In effect, the above judge- 

ment that the movement approach is more satisfactory than the 

transition approach is only valid from a theoretical viewpoint. 

Ledent (1980a) presumes that the existing calculation methods-- 

regardless of their sophistication--lead to less reliable and 

accurate results with the movement approach than with the transi- 

tion approach. The argument underpinning this presumption is 

that the Markovian formulation of the underlying methodologies 

creates a certain mobility pattern which does not reflect the 

real world and that this affects the transition approach much 

less than the movement approach. 

2. ESTIMATING THE TRANSITION PROBABILITIES: EXISTING METHODS 
FROM THE TRANSITION PERSPECTIVE 

As for the estimation of the set of age-specific transition 

probabilities needed to initiate the calculation of increment- 

decrement life tables from the transition perspective, there 

are currently two main classes of calculation methods: 

(a) the first class of methods relies on computing formulae 

expressing the various survival probabilities in 

terms of adequately measured migration rates* 

(b) the second class of methods is based on alternative 

formulas involving the use of survivorship proportions 

as input variables. 

These two categories are critically examined below. 

*These migration rates which refer to transitions rather than 
moves are different in nature from the mobility rates entering 
the age-specific matrices m . 

-X 



2.1 Estimation From Mortality and Migration Rates 

Rogers (1973, 1975) proposed the first computing formulae 

for estimating age-specific transition probabilities by applying 

a method that seeks the equality of the mortality and migration 

rates in the observed and life table populations. 

According to him, the probability for an individual present 

at age x in region i* to survive n years later in region j is 

given by 

while the probability for this same individual to survive in 

the same region is equal to: 

i k  
Inboth (13) and (14), i ~ z a n d  Mx ( k =  I,... ,r; k # i) 

represent adequate death and destination-specific migration 

rates characteristic of the observed population of region i 

aged x to x+n. 

To arrive at these formulae, Rogers used a methodology 

denoted as "Option 1" which focuses on the evolution over 

the next n years of the group 1: of people exactly aged x 

in region i. (Note the difference with the methodology used 

in the movement approach in which the focus is on the evolution 

*Because the transition perspective mainly applies to the case 
of interregional migration, the word region is substituted for 
state in the remainder of this paper. 



of the size of the group of people living in region i over a 

n-year period regardless of the region of residence at age x.) 

Its main assumption is that it does not allow for multiple 

moves within each age interval: in particular, an individual 

who moves to another region cannot die before the end of the 

interval. (Note that this assumption enables Rogers to assimi- 

late the cohort death rates he considers with the regional 

death rates. ) 

From a practical point of view, the only difficulty in 

applying the "Option 1" methodology relates to the possibility 

of correctly evaluating the destination-specific migration 

rates to be entered in formulas (13) and (14). Rogers (1975) 

suggests that, from migration data in the form of transitions 

(migrants) coming from a population census, one can simply 
i j  

measure Mx (j # i) as follows: 

is the number of those present in region i at age where Kx 

x to x+n who reside n years in region j ,  and T'is the length of 

the observation period. 

is the average population aged x to x+n living in 

region i during the observation period. 

An illustration of the above method is shown in Table 3 

which sets out the age-specific transition probabilities out 

of the Northeast with reference to the 1965-70 four-region 

system of the US (for females).* It turns out that, for 

*The four regions considered in this application are the four 
geographical units which the US Bureau of the Census refer 
to as Regions. The input data set has been prepared by Luis 
Castro from vital statistics published by the US Department 
of Health, Education, and Welfare (selected years) and migra- 
tion data published by the US Bureau of the Census (1972). 



example, a twenty-year old woman living in the Northeast has 

a 0.9326 probability to survive five years. Her probabilities 

to be in another Region are respectively 0.0164 (North Central), 

0.0293 (South), and 0.0187 (West). Another illustration for 

the three-region system of the UK studied by Rees (1978) is 

provided in Table 4. 

To be sure, the "Option 1" presents severe drawbacks 

which we discuss next. First of all, the assumption of no 

multiple movements within each age interval reduces somewhat 

the occurrence of deaths so that the total survival probabilities 
i k  

= 1 - 1 px) and the various life expectancies are over- ( px k 
estimated (for a numerical evidence of this, see Ledent and 

Rees 1980). To circumvent this problem, one can use, as proposed 

in Willekens and Rogers (1978), the corresponding computing 

formulas of the movement approach as derived by Rogers and 

Ledent (1976), i.e., 

where M is a matrix grouping the various mortality and destina- 
,X 

tion-specific migration rates. Numerically, this method-- 

referred to as the "Option 3" method--provides better estimates 

of the various death probabilities (and thus of the total 

survival probabilities) without affecting the migration prob- 

abilities in a sensitive way (see Ledent and Rees 1980). 

Secondly, the estimation of p underlying the Rogers -x 
methodology assumes a linear integration method for the 

calculation of Lx. As shown in Ledent (1978), this is equiv- - 
alent to supposing that interregional transfers (or moves) 

are evenly distributed within each age interval, an hypothesis 

which, in the case of interregional migration, does not appear 

to adequately reflect the age pattern of migratory moves. 



Table 3. 1965-70 four-region system for the US (females): 
transition probabilities out of the Northeast obtained 
by application of the Rogers methodology. 

TRANSITION FROM NORTHEAST TO 

Death 

p.,rj2?67 1 
F - c ? ? ~  69% 
3,il;31 341 
P7 721?:542 
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9 , C ! i ! 3 7 2 3  
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North Central South West 

Table 4. 1966-71 three-region system for the UK: transition 
probabilities out of East Anglia obtained by applica- 
tion of the Rogers methodology. 

TRANSITION FROM EAST ANGLIA TO 

Death. East Anglia Southeast 
Rest of 
Britain 



Thirdly, and more importantly, an issue raised by the 

estimation of the transition probabilities from the "Option 1" 

as well as from the "Option 3 "  methods is the adequacy of the 

migration rate measures used as input data. Clearly, the 

element appearing at the numerator in the definition (15) of 
i j  M is erroneous (Rees 1977; Ledent 1978): it relates to 
X n 3n (and not people who, on the average, are aged x + to x + - 2 

x to x+n) over the observation period. More correctly, as 

pointed out by Rees (1978), it should be taken as a weighted 

average of the number of migrants observed over two consecutive 

intervals, i.e., 

T i j  - K T i j  
i j - 2n x-n + (1 - Kx 

Mx - ^i 
T p.. 

A numerical evaluation of the impact on the transition 

probabilities of the substitution of (17) for (15) is presented 

in Ledent and Rees (1980) with regard to one-year as well as 

five-year migration data. 

Not only the numerator but also the denominator involved 

in the definition of the observed destination-specific migration 

rates is incorrectly evaluated. Let us recall that the 

methodology developed by Rogers (1973, 1975) focuses on 
^i cohorts rather than on regions. Consequently, the term P 
X 

somewhat overestimates the exact value of the denominator of 
i j 
M which is in fact does not appear to be easily measurable. 
X P. 

Clearly the possibility of adequately defining and measuring the 
migration rates needed as inputs to the Rogers methodology casts 

some reservations about its reliability. 

2.2 Estimation From Survivorship Proportions 

The second type of estimation method from the transition 

perspective reflects the choice not to consider migration 

rates for which there exists no satisfactory definition, but 



instead to estimate the age-specific transition probabilities 

by equating observed and life table survivorship proportions. 

A first method--denoted as the "Option 2" method--was 

proposed by Rogers (1975), one which generalizes the method 

sometimes used by demographers to calculate ordinary life tables 

and which relies on census information alone. 

This generalization revolves around the following formula, 

linking the survivorship proportion matrices s to the 
-X 

survival probability matrices ex (Rogers 1975) 

This relationship indicates that px+n - can be derived if 

s and px are known and suggests that, if po is available, -x - - 
the series of matrices px (for x = n,2n,z-n) can be obtained 

from the knowledge of the survivorship matrices for x = O,n, ..., 
z-2n.**Thus, the possibility of estimating the set of transition 

probabilities rests on the availability of an estimate for po. - 
In effect, this does not raise any problem since the survivor- 

ship proportion matrix s relating to those born during the - -.n 
time interval considered is linked to p through - 0 

which leads to the required estimate of p by setting s - 0 --n 
equal to the observed S-,. 

*This formula follows from assuming a linear integration 
formula for the calculation of the number of person-years 
lived Lx. - 
**This procedure is slightly different from Rogers's original 
procedure which, going backwards, relies on the availability 
of an estimate from p which has to be obtained from other 
sources. -2-n 



In practice, as pointed out by Ledent (1978), this procedure 

is much less effective here than in the case of the ordinary 

life table: undesirable estimates, i.e., falling outside the 

[0,1] range, are generally obtained even if the observed 

survivorship proportion matrices are not affected by any 

measurement error. There are at least three reasons accounting 

for such an unfortunate result: 

(a) the observed survivorship proportions reflect the 

consolidation of migrating moves whose pattern may 

have varied over the observation period; thus, the 

survival probabilities observed by such a method are 

average values which are likely to be highly inaccurate 

owing to the particular averaging method implied by (18) 

(b) formula (18) underlying this "Option 2" method relies 

on an assumption of identical migration patterns for 

each radix of the initial cohort, an assumption which 

is far from being realized (see Ledent 1980b) 

(c) finally, because the "Option 2" method relies on 

a formula linking statistics of two consecutive age 

groups, estimation errors made for a given age group 

are passed on to the next; the "noise" thus introduced 

is likely to increase as one carries the estimation 

procedure over the whole set of age groups. 

As an alternative to the "Option 2" method, Rees and 

Wilson (1977) simply propose to estimate the set of survival 

probabilities using the following approximation: 

*This formula has to be amended in the case of the first age 
group for which 



[Note that, alternatively, one could also think of estimating 

Px as the geometric (rather than arithmetic) average of the 

two consecutive survivorship proportion matrices, S -x-n and S . ]  
-X 

An illustration of Rees and Wilson's averaging method 

is shown in Table 5 which sets out the transition probabilities 

outside East Anglia in the case of the three-region system of 

the UK: the observed survivorship proportions used for this 

application are those which Rees (1978) estimated through an 

adequate spatial demographic accounting method. It turns out 

that no matter how crude the method defined by (20) may appear, 

it provides quite acceptable results which, in any case, do 

not present the inadequacies obtained with the "Option 2" 

method. (Compare the figures of Table 5 with the corresponding 

ones in Table 4. In particular, observe the relatively large 

discrepancies in the case of the non-survival probabilities 

due to the different origin of the mortality information: 

vital statistics in the case of the Rogers methodology, estimated 

survivorship proportions in the case of the Rees and Wilson 

methodology.) 

Table 5. 1966-71 three-region system for the UK: transition 
probabilities out of East Anglia obtained by applica- 
tion of the Rees and Wilson methodology. 

TRANSITION FROM EAST ANGLIA TO 

Death East Anglia Southeast 
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3. AN INTERPOLATIVE VARIANT OF THE REES AND WILSON AVERAGING 
METHOD 

Actually, the survivorship proportions sx, central to the 

second class of estimation methods reviewed in Section Two, 

are a weighted average of the survival probabilities ex+kn 
where k takes on all values between zero and one. This fact 

suggests that an adequate estimation of p can be obtained by 
-X 

interpolating between the observed survivorship proportions 

S but in a less crude fashion than implied by Rees and 
-X1 

Wilson's averaging method. 

Suppose that, for a given system, we know the observed 

survivorship proportion matrices Sx for x = O,n,2n, ... . 
Then for each pair of states i and j, one can interpolate 

between the observed survivorship proportions by using 
X 

cubic spline functions which are increasingly used in the 

field of demography (McNeil, Trussell, and Turner 1977). The 

ordinate of the continuous curve thus obtained represents the 

probability for an individual present at age y in region i 

to be present in region j n years later. The required 

probabilities then may be found as the values of these 

curves at ages x = O,n,2n, ..., etc. 
A difficulty arises here from the fact that, in case of 

low mortality levels--i.e., for the younger age groups, the 

application of the above procedure may yield estimates of 

the survivorship proportions such that 1 , I. Consequently, 

instead of interpolating between the retention proportions 

one will interpolate between the non-survival proportions Sx' 

= 1 - 1 and then obtain an estimate of the retention 
X X - 

J i i probabilities by application of Sx = I -  1 is] -. isA 
j+i x' 

Once again the three--region system of the UK has been used 

to illustrate the above procedure: Table 6 displays the 

transition probabilities outside the East Anglia. A comparison 

of these figures with those of Table 5 obtained by application 

of the original method devised by Rees and Wilson reveals slightly 



d i f f e r e n t  v a l u e s .  Aside  from t h e  f i r s t  age  group*,  t h e  major  

d i s c r e p a n c i e s  occur- -as  one c o u l d  expec t - - in  t h e  c a s e  o f  t h e  

age  group w i t h  t h e  h i g h e s t  m i g r a t i o n  p r o p e n s i t y :  t h e  r e t e n t i o n  

p r o b a b i l i t y  i n c r e a s e s  from .8276 t o  .8422 w h i l e  t h e  m i g r a t i o n  

p r o b a b i l i t i e s  d e c r e a s e  s i g n i f i c a n t l y .  A l s o ,  n o t e  t h a t  t h e r e  

i s  no s i g n i f i c a n t  p a t t e r n  f o r  t h e  d i s c r e p a n c i e s  obse rved  a s  

t h e  s i g n  o f  t h e s e  d i s c r e p a n c i e s  f o r  a  g i v e n  t r a n s i t i o n  

p r o b a b i l i t y  v a r i e s  from one  a g e  group t o  t h e  n e x t :  f o r  

example,  t h e  a d o p t i o n  o f  t h e  i n t e r p o l a t i v e  method i n c r e a s e s  

t h e  r e t e n t i o n  p r o b a b i l i t y  o u t  o f  E a s t  Angl ia  f o r  a g e  g roups  

10-15, 15-20, 30-35, 35-40 b u t  l e a d s  t o  a  d e c r e a s e  f o r  a g e  

g roups  5-10, 20-25, 25-30. C l e a r l y ,  t h i s  i s  a n  i n d i c a t i o n  

o f  t h e  f a c t  t h a t  o u r  i n t e r p o l a t i v e  method a c c o u n t s  more a c c u r a t e l y  

t h a n  Rees and W i l s o n ' s  a v e r a g i n g  method f o r  t h e  l a r g e  

v a r i a t i o n s  and s h a r p  o v e r t u r n s  i n  m i g r a t i o n  p r o p e n s i t i e s  

which,  i n  m o s t  i n s t a n c e s ,  c h a r a c t e r i z e  a g e - s p e c i f i c  m i g r a t i o n  

s c h e d u l e s .  I n  t h i s  s e n s e ,  it i s  f e l t  t h a t  t h i s  v a r i a n t  o f  

R e e s  and W i l s o n ' s  method i s  more r e l i a b l e  and a c c u r a t e .  

B e s i d e s ,  o u r  i n t e r p o l a t i v e  method p r e s e n t s  d e f i n i t e  

advan tages  w i t h  r e s p e c t  t o  t h e  "Opt ion  2" method and R e e s  

and Wilson method: 

( a )  it does  n o t  r e q u i r e  t h e  knowledge o f  t h e  i n f a n t  

s u r v i v o r s h i p  p r o p o r t i o n s  S ( r e l a t i n g  t o  t h o s e  born  --n 
i n  t h e  o b s e r v a t i o n  i n t e r v a l )  wllich, i n  g e n e r a l ,  c a n n o t  

be  measured due  t o  a  l a c k  o f  t h e  n e c e s s a r y  raw d a t a  

( b )  it does  n o t  n e c e s s a r i l y  r e q u i r e  obse rved  s u r v i v o r s h i p  

p r o p o r t i o n s  f o r  a  p e r i o d  T  e q u a l  t o  t h e  l e n g t h  n  o f  

t h e  t y p i c a l  age  group.  I f  T  f n ,  t h e  above i n t e r -  

p o l a t i v e  p rocedure  a l l o w s  one  t o  e s t i m a t e  a  se t  o f  
n  

Px b u t  f o r  x  = O,T,2T, ... . Then i f  i s  an i n t e g e r ,  

it i s  r e a d i l y  p o s s i b l e  t o  c o n s o l i d a t e  t h i s  s e t  o f  

t r a n s i t i o n  p r o b a b i l i t i e s  i n t o  a n o t h e r  one  f o r  x  = 0 ,  

n , 2 n , .  . . 

*As r e g a r d s  t h e  f i r s t  a g e  g roup ,  w e  f i r s t  n o t e  t h e  r e l a t i v e l y  
l o w  v a l u e  of  t h e  n o n - s u r v i v a l  p r o b a b i l i t y  stemming from o u r  
p a r t i c u l a r  c u b i c  s p l i n e  i n t e r p o l a t i o n .  T h i s  c o u l d  be amended 
by i n t r o d u c i n g  a d d i t i o n a l  c o n s t r a i n t s  when pe r fo rming  such  an 
i n t e r p o l a t i o n .  



Table 6 .  1966-71  three-region system for the UK: transition 
probabilities out of East Anglia obtained by applica- 
tion of the interpolative variant of the Rees and 
Wilson methodology. 

TRANSITION FROM EAST ANGLIA TO 

Rest of 

Death -- 
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4. ESTIMATING THE SURVIVAL PROBABILITIES FROM MORTALITY RATES 
AND TRANSITION PROPORTIONS CONDITIONAL ON SURVIVAL 

One difficulty common to the application of the "Option 2" 

method and to that of the Rees and Wilson averaging method and 

its interpolative variant relates to the prior availability of 

the set of survivorship proportions S required as input. 
- X  

In theory, the measurement of those survivorship proportions 

is performed from the following 

where T is the length of the period over which changes of 

residence are observed 
i j K (t-T,t) is the number of those aged x to x+n living 

X 
in region j at the time of the census who 

were living in region i T years later 



P;(~-T) is the number of those aged x to x+n who lived 

in region i T years before the census period. 

In practice, however, the application of (22) is not 

possible because, T being generally different from the length 

of the intercensal period, the exact value of the denominator 

cannot be observed. 

To circumvent this problem, Rees and Wilson (1977) have 

devised spatial demographic accounting methods which allow 

one to estimate the observed values of S from the commonly 
-X 

available vital statistics and census migration flows. As 

already mentioned earlier, the observed survivorship proportions 

used in our UK example were obtained by Rees (1978) from one 

such method. The difficulty here is that Rees and Wilson's 

spatial demographic accounting methods for estimating the 

required data are based on lengthy iterative solutions whose 

operationalization can often be very time-consuming. 

In view of this, it appears necessary to look for an 

alternative procedure or, more exactly, to amend the above 

estimation methods from survivorship proportions to make them 

applicable to the type of data commonly available, i.e., age- 

specific mortality rates from vital statistics and transition 

proportions conditional on survival from census information. 

The general idea here is to first estimate a set of 

transition probabilities p conditional on survival from census 
-X 

migration data and then to transform them into the required 

set of transition probabilities by introducing independent 

mortality information. In analytic terms, such a procedure 

means that px is obtained from 

where p6 is a diagonal matrix of survival probabilities whose 
,X 

elements are similar to the survival probabilities of the 

ordinary life table. 



In practice, the implementation of this method appears 

as follows. First of all, one measures transition proportions 

conditional on survival from 
X 

Then one obtains a set of transition probabilities conditional 

on survival by applying Rees and Wilson's averaging formula 

or, even better, one uses the cubic spline interpolative 

procedure described in Section 3, to calculate the various 
- . . 
migration probabilities (j # i) conditional on survival 

Px 
(in this latter case, the retention probabilities conditional 

on survival follow immediately 
- 

i -i 
from Px = 1 

The next step is to estimate the set of survival probabilities 
6 

Px assuming the availability of conventional age-specific 

mortality rates. Actually, this task is not at all straight- 

forward for there is a price to pay for the simplicity of the 
- 

amendment underlying (23): the mortality pattern is not a 

characteristic of the place of occurrence but one of the place 

of residence at the exact age x = Otn,2n, ... immediately before 
the age at which death occurs. 

For the purpose of this task, note that if the Markovian 

assumption holds, we have the following relationship between 

the basic inputs of the movement and transition approaches 

(assuming further the use of a linear integration method for 

calculating kx) : 



11 
P r e m u l t i p l y i n g  t h e  two s i d e s  of t h i s  e q u a l i t y  by ( I  + - M ) - 2  - x  

and r e a r r a n g i n g  t h e  v a r i o u s  terms l e a d s  t o  

Next,  w e  p r e m u l t i p l y  t h i s  e q u a l i t y  by a  row v e c t o r  o f  o n e s  

{ I .  Observ ing  t h a t  {i} 'Mx - i s  a  row v e c t o r  o f  c o n v e n t i o n a l  
6 m o r t a l i t y  r a t e s  and t h a t  { i I g F x  ex i s  a  row v e c t o r  whose t y p i c a l  

i 6 e lement  i s  px ( i . e . ,  t h e  p r o b a b i l i t y  f o r  someone l i v i n g  i n  

r e g i o n  i a t  e x a c t  a g e  x  t o  d i e  w i h i n  n  y e a r s )  y i e l d s  

o r ,  a f t e r  t r a n s p o s i n g ,  

6 where {Mx} i s  a  column v e c t o r  o f  c o n v e n t i o n a l  m o r t a l i t y  r a t e s  

6 {px)  i s  a  v e c t o r  i d e n t i c a l  t o  t h e  d i a g o n a l  o f  px 

{ i )  is  a  column v e c t o r  o f  ones  
- 

Px ' is  t h e  t r a n s p o s e  m a t r i x  o f  cx. 
F u r t h e r  a r rangement  o f  t h e  t e r m s  o f  (29)  l e a d s  t o  

6 Such a  r e l a t i o n s h i p  s u g g e s t s  t h a t  one  c a n  c a l c u l a t e  {pxI (.and 
6 t h u s  p  ) u s i n g  a n  i t e r a t i v e  p rocedure .  Owing t o  t h e  assumpt ions  - x  

above,  w e  a l s o  have t h a t  



where Mx is a matrix of mortality rates dependent on the place - 
of residence at age x rather than on the place of death 

6 
occurrence. Thus, a first estimate of px can be obtained from - 
(31) by substituting the observed estimates of the conventional 

mortality rates for the non-conventional ones. An improved 

estimate is then arrived at by using this initial estimate 

on the right-hand side of (30). The procedure is continued 

until convergence. 

The amended method proposed in this section was applied 

to the 1965-70 US four-region system (for females only) which 

we considered earlier in Section Two. Tables 7 and 8 set out 

the transition probabilities out of the Northeast region 

which were obtained by application of the Rees and Wilson 

averaging method and its interpolative variant to the transition 

proportions conditional on survival estimated from the 1970 

census migration data. (Note that the transition probabilities 

for ages 70, 75 and 80 are identical for both methods; this 

follows from the fact that, owing to the lack of detailed migra- 

tion data for older age groups, the same transition proportions 

conditional on survival are assumed to apply to the last four 
- 

age groups, which leads one to suppose that p = S for all ~ 2 7 0 . )  
-X - X 

5. CALCULATING THE NUMBER OF PERSON-YEARS LIVED: AN ALTERNATIVE 
TO THE LINEAR APPROACH 

In the methodology developed by Rogers (1973, 1975), the 

calculation of the number of person-years lived Lx, as defined - 
by (8'), immediately follows from the basic assumption made 

to estimate px: L is estimated linearly from - - x 



Table 7. 1965-70 US four-region system (for females): transi- 
tion probabilities out of the Northeast obtained by 
application of the amended Rees and Wilson methodology. 

TRANSITION FROM NORTHEAST TO 

North 
Death Northeast Central South 
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Table 8. 1965-70 US four-region system (for females): transi- 
tion probabilities out of the Northeast obtained by 
application of the amended interpolative variant of 
the Rees and Wilson methodology. 

TRANSITION FROM NORTHEAST TO 

North 
Death Northeast Central South West 



T h i s  formula  was a p p l i e d  t o  o u r  US and U K  examples on 

t h e  b a s i s  of  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  d e r i v e d  w i t h  t h e  

o r i g i n a l  Rogers methodology and t h e  r e s u l t i n g  numbers of  

pe r son-years  l i v e d  w e r e  t h e n  c o n v e r t e d  i n t o  s u r v i v o r s h i p  

p r o p o r t i o n s  u s i n g  formula  ( 1 2 ' ) .  Table  9  shows t h e  s u r v i v o r s h i p  

p r o p o r t i o n s  o u t  o f  t h e  N o r t h e a s t  i n  t h e  c a s e  of  t h e  US example,  

whereas Tab le  10 d i s p l a y s  s i m i l a r  f i g u r e s  r e l a t i n g  t o  t h e  

E a s t  Angl ia  r e g i o n  i n  r e l a t i o n  t o  t h e  UK example. 

Of c o u r s e ,  t h e  l i n e a r  i n t e g r a t i o n  method u n d e r l y i n g  ( 3 2 )  

i s  n o t  an  e x c l u s i v e  f e a t u r e  o f  t h e  Rogers methodology and c a n  

be a p p l i e d  anyt ime one h a s  a v a i l a b l e  a  s e t  of  t r a n s i t i o n  

p r o b a b i l i t i e s ,  r e g a r d l e s s  o f  t h e  method of  e s t i m a t i o n  used.  

I n  g e n e r a l ,  t h e  a c c u r a c y  o f  t h e  g e n e r a l i z e d  L - s t a t i s t i c s  

t h u s  o b t a i n e d  depends on t h e  a c c u r a c y  of  t h e  i n p u t  d a t a ,  b u t  it 

a l s o  r e f l e c t s :  

( a )  t h e  adequacy of  t h e  method used f o r  e s t i m a t i n g  px and - 
( b )  t h e  v a l i d i t y  of  t h e  l i n e a r  i n t e g r a t i o n  assumpt ion .  

With r e g a r d  t o  t h e  l a t t e r ,  l e t  u s  r e c a l l  t h a t  t h e  l i n e a r  

i n t e g r a t i o n  assumpt ion  i s  e q u i v a l e n t  t o  an  assumpt ion  t h a t  

d e a t h s  and m i g r a t o r y  moves a r e  e v e n l y  d i s t r i b u t e d  o v e r  t i m e  

(Leden t  1 9 7 8 ) .  Presumably,  such  an  assumpt ion  which i s  a c c e p t -  

a b l e  f o r  s m a l l  i n t e r v a l s  (up  t o  n  = 1  y e a r )  becomes less 

adequa te  a s  n  i n c r e a s e s .  Thus, s i n c e  t h e  m i g r a t i o n  d a t a  com- 

monly a v a i l a b l e  r e l a t e  t o  f i v e - y e a r  age g r o u p s ,  t h e r e  i s  a  

c l e a r  need t o  f i n d  a  s u b s t i t u t e  t o  t h e  l i n e a r  i n t e g r a t i o n  

method i n  o r d e r  t o  s t r i v e  f o r  more r e a l i s t i c  v a l u e s  o f  L  . 
- X  

The method w e  p ropose  h e r e  t a k e s  advantage  o f  t h e  d e f i n i t i o n  

o f  t h e  s u r v i v o r s h i p  p r o p o r t i o n s  

a s  w e l l  a s  t h e  d e f i n i t i o n  o f  s i n i l a r  s u r v i v o r s h i p  p r o p o r t i o n s  

f o r  i n f a n t s  



Table 9. 1965-70 U S  four - reg ion  system ( f o r  f e m a l e s ) :  su rv ivo r -  
s h i p  p ropor t ions  o u t  of t h e  Nor theas t  ob t a ined  by 
a p p l i c a t i o n  of t h e  Rogers methodology. 
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Table 1 0 .  1966-71 th ree - r eg ion  system f o r  t h e  UK:  su rv ivor -  
s h i p  p ropor t ions  o u t  of Eas t  Angl ia  ob ta ined  by 
a p p l i c a t i o n  of t h e  Rogers methodology. 

TRANSITION FROM EAST ANGLIA TO 

T o t a l  
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Clearly, if the data available can be arranged in the 

form of survivorship proportions Sx for x = -n,O,n,...,z-n, 

it is then possible to calculate the set of L by the repeated - X 
application of ( 12 ' ) rewritten as 

(S has been substituted for sx) starting with 
, X 

In other words, the method suggested here leads to 

numbers of person-years lived such that observed and life table 

survivorship proportions are equal*. Thus, if survivorship 

proportions can be observed, one can construct a certain 

number of multistate statistics (L and the expectations of 
-X 

life at birth--which only depend on the generalized L-statistics) 

without first estimating the transition probabilities. The 

underlying methodology is identical to that of the "Option 2" 

method (see 2.1) but bypasses the first part (the estimation 

of p ) which in any case has been shown inadequate. - X 
The accuracy of the multistate statistics thus obtained 

appears to depend solely on the accuracy of the survivorship 

proportions as inputs: in contrast to the linear integration 

approach, it is not affected by methodological assumptions. 

Thus, if the estimated survivorship proportions for the UK 

*Clearly, the calculation of the life table survivorship 
proportions from the number of person-years lived derived 
as above gives back the observed survivorship proportions. 



~. - 

(Table 1 1  sets out those out of East Anglia) were truly 

observed, the comparison of the figures in Tables 10 and 1 1  

would reveal the performance of the Rogers methodology. 

Unfortunately, this is not the case because the estimated 

survivorship proportions are affected by some estimation 

errors. In effect, the straightforward application of the 

above methodology yields too high values of the total expecta- 

tions of life at birth in each region. The reason for this 

is the same as for the implementation of the Rees and Wilson 

methodology for estimating ex: the mortality information does 

not come directly from vital statistics. 

Table 11. 1966-71 three-region system for the UK: "observed" 
survivorship proportions out of East Anglia. 

TRANSITION FROM EAST ANGLIA TO 

East Anglia Southeast 
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Rest of 
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In view of this unfortunate result as well as the diffi- 

culty of measuring or estimating actual survivorship propor- 

tions, it appears necessary to amend the above method of cal- 

culation so that it can be separately applied to mortality and 

migration information. 



Of course, if one applies the above method to the available 

transition proportions conditional on survival, we are left 

with a set of number of person-years lived Fx unaffected by 
mortality. The problem then is one of transforming this set 

into yet another set accounting for mortality. This can be 

handled as follows: 

(a) Firsttapply to the initial cohort LO the set of 
transition probabilities gx conditional on survival - 
to obtain a set of matrices Ix describing the evolution 
of the initial cohort in case of zero mortality. 

- -- 1 Then, calculate the matrices = L 1 to obtain - (X) -X -X 
"normalized" estimates of the numbers of person-years 

lived in case of zero mortality 

(b) The next step consists of transforming the "normalized" 

matrices E in case of zero mortality into "normalized" - (XI 
matrices L affected by mortality. In accordance - (x) 
with the method proposed in Section Four for trans- 

forming the set of conditional probabilities p into -x 
a set of unconditional probabilities px, this can be 
done simply by postmultiplying L by the following 

x - (x) 
I + P" - 

diagonal matrix: -x n ^6 -1 
2 or equivalently (I - + - 2 M -x ) 

^6-1 (In the last group, the relevant matrix is MZ . )  - 
(c) Finally, postmultiplying each "normalized" matrix 

L by lx (obtained by application to the initial - (x) - 
cohort 1O the set of transition probabilities p ) 

-X 
leads to the number of person-years lived Lx sought. 

.., 

This amended methodology was applied to our US example 

using the conditional and unconditional transition probabilities 

obtained by application of the amended interpolative variant 

of Rees and Wilson's averaging method. The resulting 

numbers were then converted into survivorship proportions 

using formula (12'): Table 12 shows the survivorship proportions 

out of the Northeast. (Compare these with the corresponding 

survivorship proportions obtained with the Rogers methodology 

shown in Table 8.) 



Table 12. 1965-70 US four-region system (for females): survivor- 
ship proportions out of the Northeast obtained by 
application of the alternative to the linear integra- 
tion method. 
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CONCLUSION 

Focusing on the construction of increment-decrement life 

tables from the transition approach, this paper has attempted 

to provide an alternative to the Rogers (1973, 1975) methodology 

that is hampered by the difficulty of defining and measuring 

the migration rates required as inputs. 

Initially the methodology sought was centered around the 

use of more familiar input data, namely survivorship proportions. 

An interpolative variant to the Rees and Wilson (-3977) method- 

ology for estimating transition probabilities was first 

provided. But the realization that errors in the measurement 

or estimation of the observed survivorship proportions (see 

the UK case) plus the impossibility, in most cases, of measuring 

or estimating such proportions led us to redirect the methodology 

so as to account separately for mortality and migration. 



The final methodology that we propose can be summarized 

as follows: 

(a) The estimation of the transition probabilities starts 

with the estimation of a set of transition probabilities 

conditional on survival from the migration data 

usually found in census results. The method used is 

an interpolative variant of Rees and Wilson's 

averaging method. Then, this set of conditional 

transitional probabilities is transformed into the 

set of required probabilities by application of a 

diagonal matrix of survival probabilities estimated 

from conventional vital statistics,as shown in Section 

Four. 

(b) As for the calculation of the number of person-years 

lived, it is again performed in two steps. First, 

the transition proportions conditional on survival 

easily derived from the census migration data are 

used to estimate numbers of person-years lived 

unaffected by mortality. These numbers are then 

transformed as shown in Section Five to account for 

the effect of mortality. 

The application of this methodology to the UK case yields 

results, some of which are shown in Tables 13 and 14. (Compare 

these with the figures shown in Tables 6 and 12 for an assess- 

ment of the inaccuracies to which the use of unconditional 

survivorship proportions leads.) 

How does this new methodology compare with the Rogers 

methodology? Perhaps, the simplest way to evaluate their 

numerical differences is to contrast the expectations-.of-life 

statistics to which they lead for both our US and UK examples. 

The figures set out in Table 15 indicate that: 

(a) The new methodology yields slightly smaller total 

expectations of life (because, unlike the Rogers 

methodology, it does not include any constraint on 

the possibility of multiple moves). 



Table 1 3 .  1 9 6 6 - 7 1  three-region system for the UK: transition 
probabilities out of East Anglia obtained by applica- 
tion of the generalized interpolative variant of 
the Rees and Wilson methodology. 
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D e a t h  E a s t  A n g l i a  S o u t h e a s t  
R e s t  of 
B r i t a i n  

Table 14 .  1966 -71  three-region system for the UK: survivor- 
ship proportions out of East Anglia obtained by 
application of the alternative to the linear integra- 
tion method. 
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( b )  The new methodology l e a d s  t o  e x p e c t e d  numbers of  y e a r s  

s p e n t  i n  ( o u t s i d e )  t h e  r e g i o n  o f  b i r t h  which a r e  

s m a l l e r  ( g r e a t e r )  t h a n  t h e  f i g u r e s  o b t a i n e d  w i t h  t h e  

Rogers methodology ( t h i s  i s  c o n s i s t e n t  w i t h  o u r  

e a r l i e r  f i n d i n g s  on m i g r a t i o n  p r o b a b i l i t i e s ) .  For  

example,  on t h e  b a s i s  o f  t h e  methodology proposed 

h e r e ,  t h e  number o f  y e a r s  t h a t  a  f emale  born  i n  t h e  

W e s t  o f  t h e  Uni ted  S t a t e s  c a n  e x p e c t  t o  spend i n  t h a t  

r e g i o n  i s  48.99 y e a r s  ( o u t  of  a  t o t a l  of  75.32 y e a r s )  

v e r s u s  52.42 y e a r s  a s  o b t a i n e d  w i t h  t h e  a l t e r n a t i v e  

methodology. 
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