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As commonly applied, the forward census 
survival ratio method is defined as follows: 

(1) M= (x t, 
- 

where Mi is the net migration for the ith region, 
Pi(x + t, t) 

is the enumerated population in 

region i at age x + t at time t, is the 

enumerated population in region i aged x at time 
o, and is the national survival ratio defined 

(x, o) 

where P refers to summation over all i. The term 

ScP.(x'o)can be thought of as the "expected" 

population, expected in the sense that if there 
were no migration and the mortality conditions of 
the nation were evenly distributed, then this 
would be the "aged" population that we would 
expect. 

The POBCSR method of Eldridge and Kim 
introduces a place of birth component into the 
method. Thus Eq. (1) becomes 

(la) M = 
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where M.. 
ij 

to net migration into region j of 

the population born in i, Pij refers to population 

residing at j and born in i, and 

P(x + t, t) 

S = i. i 
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where Pi. is population summed over all j, or in 

other words, total population born at i. It is 

clear that this technique is amenable to matrix 
manipulation so that we may now define the 
following: 
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and Q a diagonal matrix with the main diagonal 
cells corresponding to the place -of -birth 

CSR's, Si's, Si's, where i j. Equation (la) 

can now be rewritten in matrix form: 

(lb) M = p(x + t, t) Qp(x,o) 
ij 

Let us further define a constant of proportion- 
ality C as follows: 

P(x + t, 
(2) C = 

n n P(x 
+ t, 

P(x,o) 

Px'°) 

where P(x 
+ t, t)refers 

to the total population 

aged x + t at time t, and P. refers to the total 

population born in region j irrespective of 

current place -of- residence. It is now possible 
to introduce a place -of- residence component into 

Mij as follows: 

(3) M = Q) 
ij ij ij 

The essence of Eq. 3 is that net migration 

is the difference between the enumerated popu- 

lation at the time of the second census, and an 

expected population at that place, calculated on 

the basis of expected mortality. Thus, the 

expected population in Eq. 3 is eqúivalent to the 

term 1(QP(x'o) + CPij Q). amd consists of a 

place -of -birth census survival ratio, i.e. 

Qp(x,o) 
a place -of- residence survival ratio, i.e. 

P 
ij 

Q. 

Discussion of Method 
It is important to remember, first of all, 

that Equation 3 is written in matrix form. Thus, 

the term '°) has the effect of multiplying 

each row in Pij' °) with the corresponding element 

in the diagonal matrix Q. This is the procedure 

advocated by Eldridge and Kim in the POBCSR method 

The postmultiplication term Pij'°) Q is equiva- 

lent to multiplying every column by the corres- 

ponding survival ratio in Q. The net effect of 



these multiplications is that every cell in the 

matrix gets a unique combination of survi- 

val ratios applied to it, i.e. a combined survi- 
val ratio of all those born at i and j. Since 
the CSR's are usually heavily weighted with these 
residing at place -of- birth, the combination of 
CSR's or Equation 3 can be justified as follows. 
The mortality experiences of a place -of -birth co- 
hort may be combined with the mortality experien- 
ces of these born at place -of- residence because 
the place -of- residence CSR is heavily influenced 
by the population still residing at place -of- 
birth. The place -of -birth CSR is similarly 
weighted with those still residing at place -of- 
birth. Thus the method of Eq. 3 is a mean of the 
CSR's at place -of -birth and place -of- residence. 
This combination of mortality experiences should 
reflect actual mortality somewhat better than me- 
rely taking a place -of -birth CSR and applying it 
across a cohort. 

It may appear initially that a more appro- 
priate combination of survival ratios might in- 
clude place -of- residence by using some formula- 

tion such as this:Sj = P(j + t, t) 
Al- 

though such a formulation might increase the ma- 
thematical elegance of the model, it does not 
help in interpreting any estimates since P does 

not consist of any identifiable cohort. Indivi- 

duals may move into or out of a particular place 
at any time, therefore it makes little sense to 
construct a survival ratio for a group that is 
not closed in any way. Such a survival ratio 
already would have migration confounded within it, 

and there is no meaningful way of extracting the 
migration component from the mortality component. 
As a result, the constant of proportionality C 
must be introduced into the method. 

The C coefficient is not as cumbersome and 
difficult to calculate as Eq. 2 may imply. It is 

merely the quotient of the total enumerated popu- 
lation at the second census divided by the over- 
all total of all the cells of the matrix resul- 

ting from post -multiplication of the 
Pij,o) 

matrix by the matrix operator Q. It is constant 

for every cohort, that is, for every ma- 

trix. 

A loss in elegance occurs when the POBCSR 
method is modified into the method of Eq. 3, or 
Combined CSR method for short; principally, no 
longer is the total expected population of a 
given place -of -birth equal to the total enumera- 
ted population of a place -of- birth. This is one 
of the strengths of the POBCSR method. The row 
totals Computed by the combined CSR method are 
off by a factor equal to (1 - C). However, this 

error is not greater than that incurred when the 
regular CSR method is employed, and most likely 
is less. Furthermore, this "error" is distribu- 
ted throughout the population matrix in propor- 
tion to the size of each cell. The "error" in- 
volving each cell is not only contingent on the 
value of C, but is also dependent on the overall 
size of the matrix, and the relative frequen- 

cy in each cell. 
One further point regarding the constant of 
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proportionality C requires elaboration. The 
closer that the value of C is to 1, the less 

"error" is involved in the migration estimates. 
This is largely a function of the number of cells 
in the overall population matrix Pii, as well as 

the distribution of population in the matrix, and 
number of zero cells. Population matrices with 
disperse populations will produce C values that 
are quite close to 1. Because the value of C for 
a cohort is easily derived, it is apparent that a 
quick check is available to the researcher. If 

computed values of C deviate considerably from 1, 
say, by more than .05 or so, then an alternate 
method may be called for, perhaps the POBCSR me- 

thod. If the C values lie close to 1, then some 

degree of confidence may be placed in migration 
estimates derived from the combined CSR method. 


