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PREFACE 

I n t e r e s t  i n  human s e t t l e m e n t  sys tems  and p o l i c i e s  h a s  been  
a  c e n t r a l  p a r t  o f  u r b a n - r e l a t e d  work a t  IIASA s i n c e  i t s  i n c e p t i o n .  
From 1975 t h r o u g h  1978 t h i s  i n t e r e s t  w a s  m a n i f e s t e d  i n  t h e  work 
o f  t h e  M i g r a t i o n  and S e t t l e m e n t  Task ,  which was f o r m a l l y  conc luded 
i n  November i 978 .  S i n c e  t h e n ,  a t t e n t i o n  h a s  t u r n e d  t o  d i ssemina -  
t i o n  o f  t h e  T a s k ' s  r e s u l t s  and t o  t h e  c o n c l u s i o n  o f  i t s  compara- 
t i . v e  s t u d y ,  which i s  c a r r y i n g  o u t  a  c o m p a r a t i v e  q u a n t i t a t i v e  
a s s e s s m e n t  o f  r e c e n t  m i g r a t i o n  p a t t e r n s  and s p a t i a l  p o p u l a t i o n  
dynamics i n  a l l  o f  I IASA's  17 NMO c o u n t r i e s .  

T h i s  p a p e r  i s  p a r t  o f  t h e  T a s k ' s  d i s s e m i n a t i o n  e f f o r t .  I t  
f o c u s e s  on  t h e  m a t h e m a t i c a l  d e s c r i p t i o n  o f  a  s i m p l i f i e d  model 
m i g r a t i o n  s c h e d u l e  and  on  a n  a l t e r n a t i v e  p a r a m e t e r  e s t i m a t i o n  
method which p romises  t o  b e  u s e f u l  i n  s i t u a t i o n s  where access 
t o  l a r g e  computers  and  packaged programs is  l i m i t e d .  

R e p o r t s  summar iz ing p r e v i o u s  work o n  m i g r a t i o n  and se t t le -  
ment a t  IIASA a r e  l i s t e d  a t  t h e  back o f  t h i s  p a p e r .  They s h o u l d  
b e  c o n s u l t e d  f o r  f u r t h e r  d e t a i l s  r e g a r d i n g  t h e  d a t a  b a s e  t h a t  
u n d e r l i e s  t h i s  s t u d y .  

Andre i  Rogers 
Chairman 
Human S e t t l e m e n t s  
and  S e r v i c e s  Area 
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ABSTRACT 

This paper outlines a simplified model and a new numerical 
parameter estimation method that may enhance the application of 
model migration schedules in situations where access to large 
computers and packaged programs may be limited. 
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MODEL MIGRATION SCHEDULES: A SIMPLIFIED 
FORMULATION AND AN ALTERNATIVE 
PARAMETER ESTIMATION METHOD 

INTRODUCTION 

The model migration schedules set out in Rogers and Castro 

(1981a, b) were fitted to observed data by means of a rather 

complex nonlinear procedure based on the Levenberg-Marquardt 

algorithm summarized in an appendix of that paper. To enhance 

the application of these schedules in situations where access 

to large computers and packaged programs may be limited, we pro- 

pose in this paper a simplified model and a simplified estima- 

tion procedure. The simplification is carried out in two steps. 

First, the model itself is simplified by fixing its index of 

labor asymmetry a2 to a prespecified value and by adopting a 

standard schedule. Second, the parameter estimation process is 

simplified by replacing the nonlinear estimation algorithm with 

a linear one. The adequacy of each simplification is assessed 

in turn by a comparison of the results obtained with it against 

those found using the original unsimplified "complete" model. 

MODEL SCHEDULES AND THEIR SIMPLIFICATION 

The notion of simplified model schedules appears in the liter- 

ature on model nuptiality schedules and is particularly well des- 

cribed in a recent paper by Rodriguez and Trussell (1980). We shall 



adopt and then adapt their strategy and for expositional con- 

venience will use both their simplifying assunption and their 

standard nuptiaiity function. In a subsequent paper we shall 

introduce our own standard migration function. 

The Case of First Marriage Frequencies 

The selectivity of marriage with respect to age has been 

extensively studied by Coale and his associates since 1971. 

Coale (1971) found that age patterns of first marriage follow 

the same basic curve and differ significantly only in the loca- 

tion and scaling of the age at which marriages start to occur 

and the proportion of the cohort eventually marrying. In a 

;?aper one year later Coale and McNeil (1972) gave an analytic 

expression that satisfactorily fitted many first marriage fre- 

quency distributions. The function was called a double exponen- 

tial der~sity fcnction and was defined as 

where c,  A ,  and u are the function's parameters and T(a/X) is 

the gamrri6 function value of the ratio a/X. The assumption that 

the ratio a/X was constant in different populations, allowed 

Coale and Trusseil (1974) to formulate Equation (1) as a function 

of a standard schedule fS(x) : 

where 

x is the sge at which a consequential number of marriages first 
0 

occur, k is the number of years in the standard schedule into 

which one year of marriage in the observed population may be 

"packed," and K is the proportion of the cohort eventually 



marry ing  ( i . e . ,  a  s c a l i n g  p a r a m e t e r ) .  T h i s  s t a n d a r d  h a s  a  mean 

and v a r i a n c e  o f :  

and 

r e s p e c t i v e l y .  

Rodr iguez  and  T r u s s e l l  (1980)  r e c e n t l y  p roposed  a  method t o  

f i t  model n u p t i a l i t y  s c h e d u l e s  t o  d i f f e r e n t  t y p e s  o f  d a t a  col- 

l e c t e d  by t h e  World F e r t i l i t y  Survey .  They p roposed  a  mod i f i ca -  

t i o n  o f  t h e  s t a n d a r d  s c h e d u l e  d e f i n e d  i n  Coa le  and  T r u s s e l l  ( 1 9 7 4 ) ,  

k e e p i n g  t h e  assumpt ion  t h a t  a/X i s  a  c o n s t a n t .  

The b a s i c  s i m p l i f i c a t i o n  a d o p t e d  by Rodr iguez  and T r u s s e l l  

i s  t h e  e x p r e s s i o n  o f  t h e  s t a n d a r d  a s  a  f u n c t i o n  o f  t h e  mean x 
a n e  t h e  s t a n d a r d  d e v i a t i o n  S .  To do t h i s  t h e y  d e r i v e  a  new s t a n -  

d a r d ,  w i t h  z e r o  mean and  u n i t  v a r i a n c e ,  f rom E q u a t i o n  ( 3 )  by 

f i n d i n g  t h e  v a l u e s  o f  xo and k  t h a t  g e n e r a t e  t h e  d e s i r e d  mean 

and v a r i a n c e .  The r e s u l t i n g  new s t a n d a r d  d e n s i t y  f u n c t i o n  i s  

The Case o f  M i g r a t i o n  

E m p i r i c a l  s t u d i e s  o f  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  have 

shown t h a t  t h e  a g e  p r o f i l e s  e x h i b i t e d  by such  d a t a  have a  common 

shape .  S t a r t i n g  w i t h  r e l a t i v e l y  h i g h  l e v e l s  d u r i n g  t h e  e a r l y  

a d o l e s c e n t  a g e s ,  t h e  m i g r a t i o n  r a t e s  d e c r e a s e  m o n o t o n i c a l l y  t h e r e -  

a f t e r  t o  a  low p o i n t  x  t h e n  i n c r e a s e  u n t i l  t h e y  r e a c h  a  maxinum 
R '  

h i g h  peak a t  a g e  xh ,  and t h e n  d e c r e a s e  once  a g a i n  t o  t h e  a g e s  o f  

r e t i r e m e n t .  O c c a s i o n a l l y  a  " p o s t - l a b o r  f o r c e "  component a p p e a r s ,  

showing e i t h e r  a  b e l l - s h a p e d  c u r v e  w i t h  a  peak a t  a g e  xr  o r  a n  up- 

ward s l o p e  t h a t  i n c r e a s e s  m o n o t o n i c a l l y  t o  t h e  l a s t  a g e  i n c l u d e d  

i n  t h e  s c h e d u i e ,  a g e  w s a y .  



Decomposing t h e  age p r o f i l e  i n t o  p re - l abo r  f o r c e ,  l a b o r  

f o r c e ,  and pos t - l abo r  f o r c e  components, w e  s h a l l  r e s t r i c t  o u r  

a t t e n t i o n  i n  t h i s  paper  t o  t h o s e  p r o f i l e s  t h a t  o n l y  have t h e  

f i r s t  two components. However , ou r  argument i s  e q u a l l y  v a l i d  

f o r  p r o f i l e s  showing a pos t - l abo r  f o r c e  component. 

I n  s e v e r a l  r e c e n t  pape rs  w e  have shown t h a t  t h e  observed 

p r o f i i e  o f  m i g r a t i o n  r a t e s  may be d e s c r i b e d  by a f u n c t i o n  of  
* 

t n e  form: 

-a x where m, ( x )  = a e 1 1 
f o r  t h e  p re - l abo r  f o r c e  
component 

- A 2  (x-g2) 
-a2 (x-u2)  -e 

m2 (x) = a e 2 
f o r  t h e  l a b o r  f o r c e  com- 
ponent  

and c i s  t h e  c o n s t a n t  t e r m  t h a t  improves t h e  f i t  when migra- 

t i o n  r a t e s  a t  o l d e r  a g e s  a r e  r e l a t i v e l y  h igh .  

The a r e a  under t h e  m(x)  cu rve  i s  c a l l e d  t h e  g r o s s  migra- 

p roduc t ion  r a t e  (GKR), which i n  t h i s  paper  i s  always assumed 

t o  be e q u a l  t o  u n i t y .  

An a l t e r n a t i v e  way o f  e x p r e s s i n g  Equat ion  ( 7 )  i s  a s  a 

weighted l i n e a r  combinat ion  o f  t h e  d e n s i t y  f u n c t i o n s  rep re -  

s e n t i n g  t h e  t h r e e  components: 

where w i s  t h e  l a s t  age  inc luded  i n  t h e  schedu le ,  

o1 and @ 2  a r e  t h e  r e l a t i v e  s h a r e s  o f  t h e  p re - l abo r  f o r c e  

and l a b o r  f o r c e  components, 

Q c  i s  t h e  s h a r e  o f  t h e  c o n s t a n t  t e r m ,  

and where f  ( x )  and f 2  ( x )  a r e  t h e  d e n s i t y  f u n c t i o n s  

*Th is  assumes t h a t  t h e  age p r o f i l e s  do n o t  e x h i b i t  a pos t -  
l a b o r  f o r c e  component. 



Xote tna; p i  + t 2  + 9, = 1 by d e f i n i t i o n .  

Equat ions  ( 7 )  th rough  ( 1  0 j i n p l y  t h a t  

The model exp ressea  I n  ( 7 )  o r  i n  ( 8 )  may be c a l l e a  t h e  

" conp le te "  model because ~t c o n t a i n s  t h e  paramete rs  neecied t o  

d e s c r i b e  t h e  observea  r e g u l a r i t i e s  i n  m i g r a t i o n  age p r o f i l e s .  

Tne p a r a n e t e r s ,  however, a r e  n o t  e a s i l y  i n t e r p r e t a b l e  i n  te rms 

o f  no re  f a m i l i a r  measures sucn a s  means o r  v a r i a n c e s .  I n  orcier 

t o  introduce sucn s t a t i s t i c s  I n t o  t h e  d i s c u s s i o n  it i s  necessa ry  

t o  assume s i r c p i i f i c a ~ i o n s  of t h e  k ind  adopted i n  r e c e n t  s t u d i e s  

of  noae i  n a p t i a i i t y  schedu les .  

Le t  

P 1  -x/X, 
q l f l  ( x )  = - - e  ., 

- 
where x l  = l / a l  i s  t h e  mean age o f  t h e  p re - l abo r  f o r c e  component. 

In o r d e r  t o  per form a  s i m i l a r  t r a n s f o r m a t i o n  i n  Equat ion  ( 1 2 )  we 

nave t o  e x p r e s s ,  a s  i n  Coa le  and T r u s s e l l  ( 1 9 7 4 ) ,  f 2 ( x )  a s  a  

f u n c t i o n  o f  a  s tanaarc i  s chedu le  f s ( x ) :  



X-X 
~~f (x) = Q Kf (7 2 s O 

where in our application 

x is the age at which a consequential number of migrations 
0 

first occur in the labor force component 

k denotes thenumberof years in the standard schedule into 

which the intensity of migration in one year in the ob- 

served population may be "packed" 

K is the scaling parameter, which in our case is equal to 

X-X 
0 unity since both f2(x) and fs(k ) are density functions. 

~ 
Alternatively, following. the proposal of Rodriguez and Trus- 

sei (19801, we may fornulate (15) as a function of the mean age of 

labor force migrants x and the associated standard deviation S2: 2 

Thus, for example, if for expositional convenience we adopt the I 
Coale-Trussell and Rodriguez-Trussell nuptiality standard ?ro- 

files, then 

and 

m2 (XI = Q2f2(x) 



become r e p l a c e m e n t s  f o r  E q u a t i o n s  ( 1 5 )  and ( 1 5 ' ) ,  r e s p e c t i v e l y .  

The s u b s t i t u t i o n  o f  ( 1 4 )  and ( 1 6 )  o r  ( 1 6 ' )  i n t o  Equa t ion  ( 8 )  

a l l o w s  u s  t o  have two s i m p l i f i e d  model m i g r a t i o n  s c h e d u l e s ,  e a c h  

e x p r e s s e d  a s  a  f u n c t i o n  o f  more common s t a t i s t i c s  o r  measures ,  

and e a c h  assuming t h a t  t h e  r a t i o  o f  a2  = X2/a2 rema ins  c o n s t a n t  

and e q u a l  t o  1 .66 o v e r  a l l  p o p u l a t i o n s .  T a b l e  1  sets o u t  t h e  

comp ie te  and t h e  s i m p l i f i e d  mode ls .  

SIMPLIFIED AND COMPLETE MODEL MIGRATION SCHEDULES: 
NONLINEAR PARAMETER ESTIMATION 

I n  t h i s  s e c t i o n  w e  tes t  whether  t h e  s i m p l i f i e d  model i s  a  

good ap?rox imat ion  o f  t h e  comp le te  model and t h e r e f o r e  whether  

+- LA.e .F, a s s ~ ~ i p t i 0 i - i  t h a t  t h e  i n d e x  o f  l a b o r  asymmetry G = X2/a2 - - 2 
i . 6 6  i s  a  r e a s o n a b l e  one .  

To a s s e s s  t h e  consequences  o f  t h e  above a s s u m p t i o n ,  w e  have 

choser, s e v e r a l  o u t n i g r a t i o n  f l o w s  t h a t  e x h i b i t  a  wide range  o f  

variation o f  t h e  l a b o r  asymmetry i n d e x .  T a b l e  2 sets o u t  t h e  pa- 

r a x e t e r  v a l u e s  f o r  t h e  comp le te  model m i g r a t i o n  s c h e d u l e s - o f  f e -  

a z i e  f i o w s  f rom e a c h  o f  s e v e r a l  r e g i o n s  ( i d e n t i f i e d  by numbers 

i n  p a r e n t h e s e s )  t o  t h e  rest  o f  Sweden, t h e  rest  o f  t h e  Un i ted  

Ki>5dorA, and t h e  rest  o f  J a p a n ,  r e s p e c t i v e l y .  T h i s  t a b l e  snows, 

f o r  e x a n ~ l e ,  t h a t  among t h e  t h r e e  c o u n t r i e s  r e p r e s e n t e d ,  J a p a n ' s  

fe ina ie o u t f l o w  f rom Reg ion  1 h a s  t h e  h i g h e s t  v a l u e  o f  a 2  = 10.39 ,  

whereas  che c o r r e s p o n d i n g  h i g h e s t  v a l u e  f o r  Sweden i s  4.95.  
r7 '- ,Ale l o w e s t  v a l u e s  a r e  a l s o  i n c l u d e d  i n  t h e  same t a b l e ,  and t h e y  

v a r y  f rom a  low o f  1.26 f o r  Japan  t o  a  h i g h  o f  3 . 4 3  f o r  Sweden. 

I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s  w e  s h a l l  c a l l  t h e  s i m p l i f i e d  

model e x p r e s s e d  a s  a  f u n c t i o n  o f  x  and  k t h e  Type A model and 
0 

t n e  one t h a t  is a  f u n c t i o n  o f  x and S2 t h e  Type B model.  2  

To e s t i m a t e  t h e  p a r a m e t e r s  o f  t h e  s i m p l i f i e d  model w e  have 

used t h e  same Levenberg-Marquardt  n o n l i n e a r  a l g o r i t h m  t h a t  w e  

a p p l i e d  i n  o u r  p r e v i o u s  p a p e r  f o r  o b t a i n i n g  p a r a m e t e r  e s t i m a t e s  

i n  t h e  comple te  modei.  (See Appendix A o f  Rogers and C a s t r o ,  

5 .  The p a r a m e t e r s  and t h e  c o r r e s p o n d i n g  d e r i v e d  v a r i a b i e s  

f o r  b o t h  s i m p l i f i e d  mode ls ,  a r e  p r e s e n t e d  i n  T a b l e s  3  and 4 .  







Table 3 Parameters and variables defining the simplified model migratj-on 
schedule Type A for selected regions in Swcdcn, United Kingdom, 
and Japan. 
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e 4 Parameters and variables defining the simplified model migration 
schedule Type R for selected reg{-ons in Sweden, United Kingdom, 
and Japan. 
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The two s i m p l i f i e d  models a r e  e q u i v a l e n t ,  i n  t h e  sense  t h a t  

g i ven  t h e  paramete rs  o f  one it i s  p o s s i b l e  t o  e s t i m a t e  t h e  pa- 

r a n e t e r s  o f  t h e  o t h e r  by s imp le  t r a n s f o r m a t i o n s  of  v a r i a b l e s .  

Never the less  we have es t ima ted  t h e  paramete rs  f o r  each indepen- 

d e n t l y ,  t he reby  t e s t i n g  t h e  s e n s i t i v i t y  o f  t h e  e s t i m a t i o n  pro- 

cedure  t o  two d i f f e r e n t  model s p e c i f i c a t i o n s .  

Tab les  3 and 4 show t h a t  t h e  paramete rs  co r respond ing  t o  

t h e  age p r o f i l e  w i t h  a2  = 10.39 are u n r e a l i s t i c ,  e s p e c i a l l y  

t h o s e  f o r  t h e  p re - l abo r  f o r c e  component and t h e  c o n s t a n t  te rm.  

Region 3 o f  t h e  Uni ted Kingdom a l s o  shows, i n  bo th  models,  a 

ve ry  h i gh  v a l u e  f o r  t h e  mean age o f  t h e  p re - l abo r  f o r c e  compo- 

nen t .  With t h e  e x c e p t i o n  o f  t h e s e  two schedu les  ( schedu les  

t h a t  co r respond  t o  h igh  v a l u e s  o f  0 2 )  t h e  method y i e l d s  reason-  

a b i e  parameter  v a l u e s .  The problem o f  u n r e a l i s t i c  v a l u e s  may 

be so l ved  perhaps  by f i r s t  per forming a c u b i c  s p l i n e  i n t e r p o l a -  

t i o n  o f  t h e  f i ve - yea r  age group d a t a  o f  t h e  Uni ted Kingdom and 

Japan.  The Swedish d a t a ,  r e p o r t e d  by s i n g l e  y e a r s  of  age ,  pro- 

duce reasonab le  paramete r  v a l u e s  even w i t h  a i ndexes  exceed ing 2 
t h o s e  observed i n  Region 3 o f  t h e  Uni ted Kingdom. Th i s  s u g g e s t s  

t h a t  some p r i o r  "smoothing" o f  t h e  U . K .  d a t a  might  produce i m -  

proved r e s u l t s .  

By comparing t h e  paramete rs  o f  t h e  s i m p l i f i e d  models i n  

Tab les  2 and 3, i t  i s  p o s s i b l e  t o  observe  t h a t  t h e  p a r t i c u l a r  

s p e c i f i c a t i o n  does  n o t  s i g n i f i c a n t l y  a l te r  t h e  paramete rs  com- 

mon r o  t h e  two f o rmu la t i ons .  I n  Sweden, f o r  example, t h e  +,, 
+ 2 ,  and c v a l u e s  a r e  a lmos t  i d e n t i c a l  f o r  bo th  s p e c i f i c a t i o n s .  

F i gu res  1 ,  2, and 3 p r e s e n t  t h e  drawings of  t h e  observed 

d a t a ,  t h e  s i m p l i f i e d  models A and B ,  and t h e  complete model m i -  

g r a t i o n  schedu les .  I t  i s  i n t e r e s t i n g  t o  obse rve  t h a t  t h e  s i m -  

p l i f i e d  model age  p r o f i l e s  o f  Region 3 i n  t h e  U . K .  and o f  Region 
1 i n  Japan show a good f i t  t o  t h e  observed d a t a ,  even though t h e  

r e l e v a n t  parameter  estimates a r e  u n r e a l i s t i c .  The reason  f o r  

t h i s  may be t h a t  t h e  a l g o r i t h m  s e a r c h e s  f o r  a set  o f  pa ramete rs  

t h a t  produces t h e  s m a l l e s t d e v i a t i o n  between t h e  observed and t h e  

es t ima ted  schedu les .  S i n c e  t h e  a l g o r i t h m  i s  c o n s t r a i n e d  i n  i t s  

cno i ce  of  t h e  r a t i o  u 2  = A / a  i t t r ies t o  compensate f o r  t h i s  
2 2 '  



a = 3.43 in the complete model 
2 

I - 
I observed data 
i 
i complete model 

simplified model 

Region 4 

Region 8 

Figure 1 Observed data and complete and simplified model 
migration schedules: Females, Sweden, 1974. 



a = 1.66 in the complete model 
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Region 1 

I 
T 
i observed data 
I - sinplifiea model 

complete node 1 

Region 3 

F igu re  2 Observed d a t a  and comple te  and s i m p l i f i e d  model 
m i q r a t i o n  schedu les :  Females,  Un i ted  Kingdom, 1 9 7 0 .  



simplified model 

complete model 
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L U2 = 1.26 in the complete model 

Region 5 

simplified model 

i complete model 

mode 1 

Region 1 

Figure 3 Observed d a t a  and complete and s i m p l i f i e d  model 
m ig ra t i on  schedu les :  Females, Japan ,  1 9 7 0 .  



by changing t h e  paramete r  v a l u e s  o f  t h e  p re - l abo r  f o r c e  compo- 

n e n t  and t h e  c o n s t a n t  t e r m .  The r e s u l t  t h e r e f o r e  may be a  " l o -  

c a l "  r a t h e r  t h a n  a  g l o b a l  optimum s o l u t i o n .  

SIMPLIFIED AND COMPLETE MODEL MIGRATION SCHEDULES: 
LINEAR PARAMETER ESTIPATION 

Th is  s e c t i o n  sets o u t  a  l i n e a r  a l g o r i t h m  t h a t  may be used 

t o  e s t i m a t e  t h e  paramete rs  of  t h e  s i m p l i f i e d  o r  t h e  complete 

model m ig ra t i on  schedu le .  The c a l c u l a t i o n s  are s imp le  enough 

t o  be c a r r i e d  o u t  w i t h  a  s m a l l  e l e c t r o n i c  pocket  c a l c u l a t o r ,  

and w e  i l l u s t r a t e  them us ing  t h e  schedu les  ana lyzed  i n  t h e  pre-  

v i ous  s e c t i o n .  The i n p u t  d a t a  a r e  t aken  t o  be t h e  model migra- 

t i o n  schedu les  p r e s e n t e d  i n  Tab le  2 and n o t  t h e  observed d a t a .  

Th is  e i i n i n a t e s  t h e  need f o r  smoothing t h e  observed  d a t a  and 

a l i ows  u s  t o  compare t h e  per formance o f  t h e  l i n e a r  e s t i m a t i o n  

metnoc w i t n  t h a t  of  t h e  n o n l i n e a r  one.  

S i m p l i f i e d  Model 

To e s t i m a t e  t h e  paramete rs  of  t h e  s i m p l i f i e d  model us i ng  

t h e  l i n e a r  approach,  w e  adop t  t h e  Type B s p e c i f i c a t i o n  which 

exp resses  t h e  model schedu le  a s  a  f u n c t i o n  o f  we igh ts ,  means, 

and t h e  s t a n d a r d  d e v i a t i o n  of  t h e  l a b o r  f o r c e  component. A 

l i m i t a t i o n  of t h e  l i n e a r  e s t i m a t i o n  method i s  t h a t  it i s  n o t  

p o s s i b l e  t o  app l y  i t  d i r e c t l y  t o  t h e  Type A model; however, 

s i n c e  bo th  models are e q u i v a l e n t  f o rmu la t i ons ,  x  and k  can  be 
0 

d e r i v e d  from t h e  e s t i m a t e d  parameter  v a l u e s  o f  t h e  Type B model. 

To s t a r t  t h e  l i n e a r  e s t i m a t i o n  p rocedure ,  set  t h e  parameter  

c equa l  t o  t h e  ave rage  v a l u e  o f  t h e  f i f t e e n  o l d e s t  s i ng le - yea r  

age groups of  t h e  observed schedu le  m(x) : 

Given v a l u e s  f o r  c and t h e  l a s t  age group w ,  , @c may be e s t i m a t e d  

w i t n  Equat ion  ( 13) : 



The labor force component is estimated by first computing 

the function m2(x) [Equation (12)] as: 

m2 (x) = m(x) - c 

for xR + 1 < x < w - 15 - - 

where xe is the observed (or assumed) low point. The weight 

Q2 of the labor force component follows directly from 

and the mean age and standard deviation are defined as 

and 

respectively. 

The parameter values of the pre-labor force component 

are derived in a similar fashion. First, the weight is 

found as a residual, 

and the mean age x l  is defined as 



Tabie 5 p r e s e n t s  a  summary o f  t h e  b a s i c  s t e p s ,  and Table 6 

g i v e s  t h e  paramete rs  o b t a i n e d  w i t h  t h e  l i n e a r  and t h e  n o n l i n e a r  

e s t i m a t i o n  methods. The observed d i f f e r e n c e s  between t h e  two 

approaches a r e  minor.  S u r p r i s i n g l y ,  t h e  s imp le  l i n e a r  method 

o c c a s i o n a l l y  y i e l d s  more rea l is t ic  r e s u l t s  ( f o r  example, f o r  

t h e  schedu les  e x h i b i t i n g  t h e  h i g h e s t  a?  v a l u e s  i n  t h e  Uni ted 

Kingdom and Japan) ,  b u t  i t always t e n d s  t o  unde res t ima te  t h e  

l o c a t i o n  o f  
X~ 

t h e  low p o i n t .  

Complete Model 

The l i n e a r  p rocedure  f o r  e s t i m a t i n g  t h e  c o n s t a n t  t e r m  and 

rhe  p re - iabor  f o r c e  component o f  t h e  complete model i s  i d e n t i c a l  

t o  t h a t  used f o r  t h e  s i m p l i f i e d  model. The l a b o r  f o r c e  compo- 

n e n t ,  however, i s  e s t i m a t e d  i n  a  d i f f e r e n t  way, i n  o r d e r  t o  r e -  

l a x  t h e  assumpt ion t h a t  a 2  i s  a  c o n s t a n t .  

L e t  

where 

and 

where xh i s  t h e  h i gh  p o i n t .  Compute m2(x)  and Q 2 ,  u s i n g  Equa- 

t i o n s  (19 )  and ( 2 0 ) ,  r e s p e c t i v e l y .  Then g iven  o2 compute a 2  

us ing  t h e  a n a l y t i c a l  e x p r e s s i o n  o f  t h e  m ig ra t i on  r a t e  a t  age  

xh [Rogers and C a s t r o  (1981a,  p.  4811: 



Table 5 Linear parameter es t imat ion :  s imp l i f i ed  model. 

A.  Constant term 

B .  Labor-force component 

f o r  x +1 < x < w-I5 R - - 

C.  Pre- labor f o r ce  component 
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whence 

Given a  o  and Q 2 ,  e s t i m a t e  A 2  by r e c a l l i n g  E q u a t i o n s  ( 1 0 )  2 '  2 '  
and ( 1 2 )  and n o t i n g  t h a t  a 2  may be  e x p r e s s e d  a s  

S ~ l v i n g  f o r  A and  s u b s t i t u t i n g  o = A2/a2 
2  ' 2  i n t o  t h e  e x p r e s s i o n ,  

g i v e s  

F i n a l l y ,  r e c a l l i n g  t h e  d e f i n i t i o n  o f  o2 y i e l d s  a 2 :  

T a b l e  7 o u t l i n e s  a  summary o f  t h e  b a s i c  s t e p s  o f  t h e  l i n e a r  

p a r a m e t e r  e s t i m a t i o n  method f o r  t h e  c o m p l e t e  model .  T a b l e  8 p r e -  

s e n t s  b o t h  t h e  l i n e a r  and t h e  n o n l i n e a r  p a r a m e t e r  e s t i m a t i o n s  o f  

t h e  comp le te  model f o r  p u r p o s e s  o f  compar ison .  The d i f f e r e n c e s  

between t n e  two sets o f  e s t i m a t e d  p a r a m e t e r s  a r e  remarkab ly  

s m a l l .  

The l i n e a r  and  n o n l i n e a r  e s t i m a t i o n  methods a l s o  may b e  

compared by examin ing  t h e  model a g e  p r o f i l e s  t h a t  t h e y  g e n e r a t e .  

F i g u r e s  4 t h r o u g h  6 p r e s e n t  t h e s e  p r o f i l e s ,  d e m o n s t r a t i n g  t h a t  

i n  m o s t  c a s e s  t h e  l i n e a r  e s t i m a t i o n  method g i v e s  a  v e r y  a d e q u a t e  

a p p r o x i m a t i o n  t o  t h e  comp le te  model m i g r a t i o n  s c h e d u l e  t h a t  i s  

d e f i n e d  by t h e  n o n l i n e a r l y  e s t i m a t e d  p a r a m e t e r  v a l u e s .  

CONCLUSION 

The a im o f  t h i s  p a p e r  h a s  been  t o  i n t r o d u c e  ( 1 )  a  model 

m i g r a t i o n  s c h e d u l e  e x p r e s s e d  i n  t e r m s  o f  f a m i l i a r  s t a t i s t i c a l  

measures  s u c h  a s  means and v a r i a n c e s ,  and  ( 2 )  a s i m p l e  l i n e a r  



Table 7 Linear parameter estimation: complete model. 

A. Constant term 

B. Labor force component 

for x +1 < x < w-15 
R - - 

C. Pre-labor force component 
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Figure 4 Linear estimation of the complete and simplified model 
migration schedules compared with the nonlinear estima- 
tion of the complete model: Females, Sweden, 1970. 



Region 1 

LB( -L 

i LEGEND : 
I a.es - 
I 

I CMi Complete model, linear 
..m estimation 

I 
8.m SML Simplified model, linear 

I estimation 

SML CMN Complete model, nonlinear 
estimation 

Region 3 

Figure 5 Linear estimation of the complete and simplified model 
migration schedules compared with the nonlinear estima- 
tion of the complete model: Females, United Kingdom, 1970. 
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F i g u r e  6 L i n e a r  e s t i m a t i o n  o f  t h e  comple te  and s i m p l i f i e d  model 
m i g r a t i o n  s c h e d u l e s  compared w i t h  t h e  n o n l i n e a r  es t ima-  
t i o n  o f  t h e  comple te  model: Females,  Japan ,  1 9 7 0 .  



parameter  e s t i m a t i o n  method t h a t  may be used i n  s i t u a t i o n s  where 

a c c e s s  t o  l a r g e  computers and packaged programs i s  l i m i t e d .  

The n o t i o n  o f  s i m p l i f i e d  model s c h e d u l e s  h a s  been success -  

f u l l y  a p p l i e d  i n  t h e  c o n s t r u c t i o n  of  n u p t i a l i t y  schedu les ,  and 

some o f  t h e  same s i m p l i f i c a t i o n s  seem t o  b e  a p p l i c a b l e  i n  t h e  

c a s e  o f  m ig ra t i on .  The r e s u l t s  o b t a i n e d  by t h e  s i m p l i f i e d  

model a r e  s a t i s f a c t o r y  when c o n t r a s t e d  w i t h  t h o s e  found us ing  

t h e  o r i g i n a l  "complete"  model o f  p rev ious  r e s e a r c h  (Rogers and 

C a s t r o ,  1981b) .  And it seems l i k e l y  t h a t  t h e  per formance o f  

t h e  s i m p l i f i e d  model may be  f u r t h e r  improved by choos ing a  s t a n -  

da rd  m ig ra t i on  f u n c t i o n  t h a t  i m p l i e s  a  more a p p r o p r i a t e  v a l u e  

f o r  t h e  l a b o r  asymmetry index  a 2 .  Moreover, t h e  l i n e a r  es t ima-  

t i o n  method i s  s imp le  enough t o  b e  implemented w i t h  small elec- 

t r o n i c  pocke t  c a l c u l a t o r s ;  a c c e s s  t o  l a r g e  computer f a c i l i t i e s  

w i t h  t h e i r  complex packaged n o n l i n e a r  pa ramete r  e s t i m a t i o n  a l -  

gor i thms becomes unnecessary .  

F i n a l l y ,  it appea rs  t h a t  a  promis ing d i r e c t i o n  f o r  f u t u r e  

r e s e a r c h  l i e s  i n  t h e  a p p l i c a t i o n  o f  t h e  s i m p l i f i e d  model t o  

t h e  a n a l y s i s  o f  f am i l y  dependency r e l a t i o n s h i p s  i n  m ig ra t i on  

p a t t e r n s .  I n  -Cas t ro  and Rogers (1979 ) ,  f o r  example, we  have 

shown t h a t  t h e  age  d i s t r i b u t i o n  o f  m i g r a n t s  n ( x )  e x h i b i t s  t h e  

same fundamental  r e g u l a r i t i e s  found i n  observed  a g e - s p e c i f i c  

m i g r a t i o n  r a t e  schedu les  and  t h a t  t h e  comple te  model y i e l d s  an  

adequa te  mathemat ica l  r e p r e s e n t a t i o n  o f  such r e g u l a r i t i e s .  I t  

i s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e  s i m p l i f i e d  model, de- 

f i n e d  i n  t h i s  pape r ,  a l s o  may b e  f i t t e d  t o  such observed migra- 

t i o n  age  p r o f i l e s .  I n  such i n s t a n c e s ,  t h e  r a t i o  o f  t h e  

e s t i m a t e d  paramete rs  d e f i n e s  t h e  number o f  dependents  p e r  l a b o r  

f o r c e  m ig ran t ,  and t h i s  q u a n t i t y ,  i n  t u r n ,  may be a  c l o s e  ap- 

prox imat ion  o f  t h e  average  f a r ~ ~ i l y  s i z e  among m ig ran t s .  Th i s  

a s p e c t  o f  t h e  model w i l l  be exp lo red  i n  a  fo r thcoming paper .  
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