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FOREWORD 

C o n t r i b u t i o n  t o  t h e  MetropoZi tan S t u d y :  1 6  

The p r o j e c t  "Nes ted  Dynamics of M e t r o p o l i t a n  P r o c e s s e s  and 

P o l i c i e s "  s t a r t e d  a s  a  c o l l a b o r a t i v e  s t u d y  i n  1983. T h i s  series 

o f  c o n t r i b u t i o n s  is  a  means of conveying  i n f o r m a t i o n  between t h e  

c o l l a b o r a t o r s  i n  t h e  network o f  t h e  p r o j e c t .  

An i m p o r t a n t  a n a l y t i c a l  s t a r t i n g  p o i n t  f o r  b e h a v i o r a l  

s t u d i e s  o f  m o b i l i t y  is random u t i l i t y  t h e o r y ,  which h a s  been a  

f o c u s  o f  i n t e r e s t  i n  t h e  R e g i o n a l  I s s u e s  P r o j e c t .  T h i s  p a p e r  

p r o v i d e s  a  c o n v e n i e n t  s t a r t i n g  p o i n t  and s t a t e - o f - t h e - a r t  s u r v e y  

f o r  anyone i n t e r e s t e d  i n  a p p l i e d  m o b i l i t y  a n a l y s i s  and e s p e c i a l l y  

a n a l y s i s  o f  housho lds  and l a b o r  m o b i l i t y  i n  m e t r o p o l i t a n  r e g i o n s .  

A k e  E.  Andersson 
Leader  
R e g i o n a l  I s s u e s  P r o j e c t  

November 1984 





INTRODUCTION 

I n  t h e  s e v e n t i e s ,  a  wfde v a r i e t y  o f  m u l t i r e g i o n a l  economic  n o d e l s  

has been deve loped .  A c o m p r e h e n s i v e  s t a t e  o f  t h e  a r t  r e v i e w  o f  

existing operational models may be f o u n d  i n  I s s a e v  e t  a l .  ( 1 9 8 2 ) .  

I n  l a b o u r  m a r k e t  models b o t h ,  t h e  demand and t h e  s u p p l y  s f d e ,  a r e  

t a k e n  f n t o  a c c o u n t .  On t h e  s u p p l y  s f d e ,  phenomena such  as r e g i o -  

n a l  b i r t h  and d e a t h  p r o c e s s e s ,  i n t e r r e g i o n a l  m i g r a t f o n ,  1  abour  

f o r c e  p a r t i c i p a t i o n  and commut ing  a r e  m o d e l l e d .  On t h e  demand 

s i d e ,  u s u a l l y  t h e  r e g i o n a l  s t o c k  o f  c a p i t a l ,  t h e  r e g i o n a l  p r o d u c -  

t i o n ,  t h e  demand f o r  goods and s e r v i c e s  and t h e  r e g i o n a l  l a b o u r  

demand a r e  a n a l y s e d .  Most  o f  t h e  l a b o u r  m a r k e t  mode ls  a d o p t  an 

a g g r e g a t e  m o d e l l i n g  a p p r o a c h  w h i c h  u s u a l l y  does n o t  a l l o w  de- 

t a f l e d  c o n c l u s i o n s  c o n c e r n i n g  r e a c t i o n s  o f  human a c t o r s  w i t h i n  

t h e  l a b o u r  m a r k e t .  F u r t h e r m o r e ,  t h e i r  b e h a v i o u r a l  f o u n d a t i o n  f s  

g e n e r a l l y  r a t h e r  poo r .  

I n  o r d e r  t o  a t t a c k  t h e s e  l i m i t a t i o n s  and p i t f a l l s ,  a  m i c r o - o r i e n -  

t e d  p e r s p e c t i v e  has t o  be  p u r s u e d .  T h a t  i s ,  l a b o u r  m a r k e t s  have  

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

p r e f e r e n c e s .  Among s e v e r a l  d i f f e r e n t  app roaches  d i s a q q r e q a t e  

c h o i c e  t h e o r y  based o n  random u t i l i t y  t h e o r y  i s  t h e  b e s t  deve- 

l o p e d  one. T h i s  a p p r o a c h  i s  a p p e a l i n g  f rom b o t h ,  a  t h e o r e t i c a l  

and an empirical p o i n t  o f  v i ew .  The t h e o r e t i c a l  a p p e a l  comes f r o m  

t h e  f a c t  t h a t  u n c e r t a i n t y  i n  t h e  p r e f e r e n c e s  g u i d i n g  t h e  c h o i c e  
b e h a v i o u r  i s  e x p l i c i t l y  t a k e n  i n t o  a c c o u n t  and, t h u s ,  an app rop -  

r i  a t e  f ramework  f o r  d e s c r i  b i  ng  i nhomogenei t i e s  I n  demand- and 

s u p p l  y - s i d e  b e h a v i o u r  i s  p r o v i d e d .  The e m p i r i c a l  a p p e a l  r a i  n l  y  

s teems f r o m  t h e  f a c t  t h a t  i t  e n a b l e s  t o  l i n k  t h e  r e a l m  o f  econo-  

m i c  t h e o r y ,  where u t i l i t y  m a x i m i z a t i o n  p l a y s  a  c e n t r a l  r o l e  w i t h  

t h e  r e a l m  o f  e m p i r i c a l  a p p l i c a t f o n .  The random u t i l i t y  t h e o r y  ap- 

p r o a c h  has  found a  w i d e  r a n g e  o f  a p p l i c a t i o n s  ( s e e  Bahrenberg ,  

F i s c h e r  and N i  jkamp, 1 9 8 4 ) ,  m o s t l y  i n  t r a n s p o r t  demand a n a l y s i s  

( s e e  Oomencich and McFadden, 1 9 7 5 )  and most r e c e n t l y  a l s o  i n  t h e  

a r e a  o f  r e s i d e n t i a l  l o c a t i o n  and h o u s i n g  c h o i c e  a n a l y s i s  ( s e e  

e .g .  McFadden, 1978, Anas, 1982,  L e o n a r d i ,  1 9 8 3 ) .  

Changes i n  r e g i o n a l  l a b o u r  s u p p l y  may o c c u r  as a  consequence o f  

1 abou r  r o b i  1  i t y ,  1  i k e  i n d i v i d u a l s  e n t e r i n g  o r  l e a v i n g  t h e  1  abour  

f o r c e ,  c h a n g i n g  t h e i r  r e s i d e n t i a l  l o c a t i o n  o r  t h e i r  w o r k p l a c e  

l o c a t i o n ,  f i n d i n g  a  j o b  o r  becoming  unemployed ( s e e  E v e r s  and van 

d e r  Veen, 1 9 8 3 ) .  A d o p t i n g  t h e  c h o i c e - t h e o r e t i c  a p p r o a c h  t h e  chan-  

ges i n  r e g i o n a l  l a b o u r  s u p p l y  may b e  c o n s i d e r e d  as t h e  r e s u l t  o f  

a  s e r i e s  o f  m i c r o e c o n o ~ i c  d e c i s i o n s  among a  f i n i t e  s e t  o f  d i s -  



c r e t e  a l t e r n a t f v e s  ( s e e  H a i e r  and S c h u b e r t ,  1 9 8 4 ) .  S e c t i o n  2 
a t t e m p t s  t o  e l a b o r a t e  t h e  t h e o r y  o f  u t i l i t y  m a x i m i z i n g  d i s c r e t e  

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

t h e  1 abour  s u p p l y  mob1 1  i t y  p r o c e s s e s .  

P r o b a b i l i s t i c  d i s c r e t e  c h o i c e  models a r e  s u b j e c t  t o  a  v a r i e t y  o f  

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

model f o r e c a s t s .  I n p o r t a n t  s o u r c e s  o f  s p e c i f i c a t i o n  e r r o r s  r e f e r  

t o  

( i )  the d e f i n i t i o n  of the c h o i c e  a l t e r n a t i v e s  ( i . e .  t h e  p r o b l e m  

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

s p a t i a l  c h o i c e  model s ) ,  

( i f  ) the s p e c i f i c a t i o n  of e x p l a n a t o r y  . a t t r i  b u t c s  to be i n c l u d e d  

i n  t h e  model ( m i s s i n g  a t t r i b u t e s  because o f  an  i n a d e q u a t e  - -- 
t h e o r e t i c a l  b a s i s  o r  d a t a  1 i m i t a t i o n s  may s e r i o u s l y  b i a s  t h e  

e s t i m a t e d  c o e f f i c i e n t s  o f  t h e  i n c l u d e d  a t t r i b u t e s ) ,  

( f i i )  the s p e c i f i c a t i o n  o f  t h e  f o r m  of & u t i l i t y  f u n c t i o n  ( i n  

a p p l i e d  r e s e a r c h  m a i n l y  1  i n e a r  o r  103-1 i n e a r  f u n c t i o n s ;  t h e  
f o r m  o f  t h e  u t i l i t y  f u n c t i o n  may l e a d  t o  l a r g e  d i f f e r e n c e s  

i n  t h e  e l a s t i c i t e s  o f  t h e  e s t i m a t e d  m o d e l ) ,  

( i v )  t& a s s u m p t i o n  u n d e r 1  y i n q  t h e  j o i n t  d i s t r i b u t i o n  of the 
random t e r m s  a s s o c i a t e d  w i t h  t h e  c h o i c e  a l t e r n a t i v e s  ( s u c h  

as t h e  i n d e p e n d e n t l y  and i d e n t i c a l l y  d i s t r i b u t e d  m u l t i v a r i -  

a t e  e x t r e m e - v a l u e  d i s t r i b u t i o n ,  t h e  i n d e p e n d e n t l y  and i d e n -  

t i c a l l y  d i s t r i b u t e d  mu1 t i v a r i a t e  j o i n t  no rma l  d i s t r i b u t i o n  

o r  t h e  ( g e n e r a l i z e d )  m u l t i v a r i a t e  e x t r e r e - v a l u e  d i s t r i b u -  

t i o n ,  a l l  l e a d i n g  t o  d i f f e r e n t  k i n d s  o f  random u t i l i t y  

d i  s c r e t e  c h o i c e  mode l  s ) ,  and 

( v )  the s p e c i f i c a t i o n  of the c h o i c e  s t r u c t u r e  of the c h o i c e  

p r o b l e m  hand ( s u c h  as i n d e p e n d e n t ,  s e q u e n t i a l ,  r e c u r s i v e  

s e q u e n t i a l  and s i n u i t a n e o u s  s t r u c t u r e s ;  i n  t h e  c a s e  o f  a  

r e c u r s i v e  s e q u e n t i a l  s t r u c t u r e  t h e  c o r r e c t  sequence o f  d e c i -  

s i o n s  has  t o  b e  d e t e r u i  n e d ) .  

H o r o w i t z  (1980,  1 9 8 1 )  g i v e s  some e v i d e n c e  w i t h  r e s p e c t  t o  t h e  

second  and f o u r t h  s o u r c e  o f  s p e c i f i c a t i o n  e r r o r s .  S e c t i o n  3 o f  

t h i s  p a p e r  pays  a t t e n t i o n  t o  s p e c i f i c a t i o n  d e c i s i o n s  o f  t y p e  ( v )  

w i t h i n  t h e  mu1 t i n o m i a l  l o g i  t f ramework and a t t e m p t s  t o  d e t e r m i n e  

t h e  e f f e c t s  o f  u s i n g  r e c u r s i v e  s e q u e n t i a l  c h o i c e  s t r u c t u r e s  i n  a  

s i t u a t i o n  where  a  s i m u l t a n e o u s  s t r u c t u r e  i s  t h e  t r u e  one. I n  
o r d e r  t o  e v a l u a t e  i f  t h e  n e s t e d  p r o b a b i l i t y  c h o i c e  s t r u c t u r e s  



developed i n  sect ion 2 provide o o o d  apprclximations ttr a n  a p r i o r i  

given t r u e  simultaneous s t r u c t u r e ,  a Monte C a r l o  simulation study 
has been ca r r i ed  out .  

2 .  PROBABILISTIC CHOICE M O D E L S  A N  REGIONAL L A B O U R  S U P P L Y  

The purpose o f  t h i s  sec t ion  i s  t o  show h o w  t he  r e ~ i o n a l  labour 
supply n o b f l  i t y  processes may be viewed as a complex decision 
process cons i s t en t  with random u t f l i t y  m a x i m i z i n g  choice beha- 
viour. In 2 . 1 .  the  types o f  labour supply mobility processes a re  
brief1 y charac te r ized  (For a more de t a i l ed  discuss ion see Evers 
and van der Veen, 1 9 8 3 ) .  Section 2 . 2 .  reviews the  aeneral reaso- 
ning behf nd adcti tf ve random utf 1 i t y  chofce models. Pa r t i cu l a r  
a t t en t fon  i s  p a i d  t o  the  aul tinomi.al l o g i  t model which provides a 
f l e x i b l e  framework for  modelling the labour supply m o b i l i t y  deci-  
sion process. The discussion i n  2 . 2 .  w i l l  be ra ther  abs t rac t  
without s p e c i f i c  reference t o  the  labour supply context.  The 
reader may, however, f i n d  i t  useful t o  keep i n  m i n d  the th ree  
labour-supply r e l a t ed  mobility decis ions  t o  be described i n  2 . 1 .  

Assuming a1 t e r n a t f v e  choice s t r u c t u r e s ,  i n  2 .3 .  several random 
u t i  1 f t y  di s c r e t e  choice model s  f o r  model 11 n g  t he  regi o n a l  1 abour 
supply mobility processes a re  developed by adopting the  ru l t i no -  
m i a l  logi t  framework. 

2 . 1 .  Labour supplv a n d  d i s c r e t e  decis ions  

Pursuing the  choice- theore t ic  approach, changes i n  the  regional 
supply o f  labour are  viewed as the  r e c u l t  o f  a s e r i e s  o f  deci-  
s ions among a f i n i t e  s e t  of mutually exclusive  a l t e r n a t i v e s .  If 
one considers labour supply disaggregated b y  space, time a n d  

ca tegor ies  l i k e  qua l i f i ca t ion  a complex system o f  t r a j e c t o r i e s  
a n d  interdependenciec, emerges.. One reazon t o  concentra te  on l a -  

bour supply mobility processes such as change5 i n  employment 
s t a t u c ,  workplace and r e s iden t i a l  loca t ion  i s  the  c i m i  1 a r i  ty i n  

t h e i r  speed. They a re  ~ e d i u l  term processes,  which typ ica l ly  
undergo changes a t  the  indivldual  choice level every several 
year:. Their t r a j e c t o r i e s  a re  observable over a reazonabl y lon? 
time period.  

The evaluat ion snd choice process leading t o  the res iden t ia l  
loc3tion decis ion i s  m a i n l y  based o n  c r i t e r i a  such a s  the a v a i l a -  

b i l i t y  a n d  q u a 1  i ty o f  vacant duel 1 i n s . ,  t he  r e s iden t i a l  a u a l i  t y  

o f  t k e  l oca t i cn  a n d  other neiahb2rhood a t t r i b u t e s ,  t h e  accecibi-  



l i t y  o f  shops, s e r v i c e s  and o t h e r  f a c i l t t i e s  used on a  d a t l y  

b a s i s ,  t h e  d i s t a n c e  f rom t h e  w o r k p l a c e ,  t h e  r e n t  o r  p r i c e  o f  t h e  

d w e l l i n g  e t c .  ( s e e  L e o n a r d i  1 9 8 3 ) .  Such v a r i a b l e s  may be s e l e c t e d  

t o  b e  i n c l u d e d  i n  a  s p a t i a l  c h o i c e  model o f  r e s i d e n t i a l  location, 

1  n  wht c h  d e c i s i o n  makers and c h o f c e  a1 t e r n a t i v e s  ( g e n e r a l  1  y geo- 

g r a p h f c a l  l y  d e f i n e d  r e s i d e n t i a l  a r e a s )  a r e  d i s t r i b u t e d  o v e r  

space.  

The p a r t i c i p a t i o n  o r  employment  s t a t u s  d e c f  s i o n  i s  d e s c r f  bed by 

t h e  t w o  employment s t a t u s  a1 t e r n a t i  ves p a r t i c i p a t i o n  and non-  

p a r t f c f p a t l o n  f n  t h e  1  abour  m a r k e t .  A t t r i b u t e s  c h a r a c t e r i z i n g  

t h e s e  t w o  a l t e r n a t f v e s  r e f l e c t  t h e  Income consequences o f  t h e  

d e c f s i o n ,  t h e  u n c e r t a i n t y  a b o u t  t h e  chances t o  a c t u a l l y  o b t a i n  a  

j o b  and a b o u t  a  p o s s i b l e  f u t u r e  employment  s t a t u s  as w e l l  as t h e  

m o n e t a r y  c o s t  o f  t h e  d e c i s i o n  ( s e e  Baunann, F i s c h e r  and Schu- 

b e r t ,  1 9 8 4 ) .  

The c r i t e r f a  u s u a l l y  p o s t u l a t e d  t o  g u i d e  t h e  w o r k p l a c e  l o c a t i o n  

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

s i o n ,  p l u s  t h e  a c c e s i b f l f t y  o f  t h e  employment  l o c a t i o n .  As w i t h  

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

s p a t f a l  l y  d e f f n e d .  

O b v f o u s l  y, t h e s e  t h r e e  d e c l  s f  on p r o c e s s e s  a r e  i n t e r l  i n k e d .  From 

t h e  p o l n t  o f  v i ew  o f  t h e  t h e o r y  o f  t h e  r a t f o n a l  b e h a v i o u r  t h e y  

h a v e  t o  b e  t r e a t e d  as t o  be  t a k e n  s f n u l t a n e o u s l y .  I n  e m p l r f c a l  

a p p l  i c a t i o n s ,  h o v e v e r ,  s i m u l t a n e i t y  f s  o f t e n  unmanageable because  

t h e  c o m b i n a t i o n  o f  a l t e r n a t i v e s  be tween  t h e  c h o i c e  s e t s  l s  l i k e l y  

t o  make e s t i m a t i o n  o f  t h e  c h o i c e  model v e r y  c o s t l y  and computa-  

t f o n a l l  y  v e r y  demanding ( s e e  Hensher  .and Johnson,  1981,  8 6 ) .  

P o s s i b f l i t i e s  t o  overcome t h i s  p r o b l e m  w i l l  be d i s c u s s e d  I n  

s e c t i o n  2.3 .  

f o r  t h e  pu rpose  o f  t h l s  s t u d y  i t  may be assumed t h a t  t h e  i n d i v i -  

d u a l s  f a c i n g  t h e  r e s i d e n t i a l  l o c a t i o n  - employment  s t a t u s  - work-  

p l a c e  l o c a t i o n  c h o i c e  p r o b l e m  a r e  myop ic .  T h i s  means t h a t  t h e y  

c o n s i d e r  o n l y  t h e  c u r r e n t l y  a v a i l a b l e  i n f o r a a t f o n  a b o u t  t h e  

c h o f c e  a l t e r n a t i v e s .  T h i s  a l s o  i m p l i e s  t h a t  i n f o r m a t i o n  a b o u t  t h e  

c h o i c e  a l t e r n a t i v e s  i s  I n d e p e n d e n t  o f  o n e ' s  own and o t h e r ' s  p a s t  

c h o i c e s .  A r e l a x a t i o n  o f  t h i s  a s s u m p t i o n  w o u l d  l e a d  t o  more 

r e a l  i s t i c  b u t  a1 so l e s s  t r a c t a b l e  c h o i c e  mode ls ,  namely t o  dyna-  

m i c  c h o i c e  models ( s e e  e.  g. F i s c h e r  and N i  jkamp, 1 9 8 4 ) .  The e s -  

sence o f  p r o b a b i  1 i t y  d l  s c r e t e  c h o f c e  model s and t h e i r  i mpl i ca-  

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

becomes c l e a r  w i t h o u t  r e 1  a x i n g  t h i s  s imp1 i f i c a t i o n .  



2.2. A d d i t f v e  r a n d o m  u t f l i t y  c h o f c e  models: T h e  m u l t i n o m f a l  l o q i t  

model 

A d f s c r e t e  c h o i c e  p r o b l e m  f s  d e f i n e d  by a f i n f  t e  s e t  o f  d i s j o i n t  
c h o f c e  a1 t e r n a t f v e s  

a  p o p u l a t i o n  o f  i n d i v i d u a l s  ( a c t o r s ,  c h o i c e  o r  d e c i s f o n  m a k e r s )  

a  s p a c e  Z o f  o b s e r v a b l e  a t t r i b u t e s  i n c l u d i n g  m e a s u r e d  a t t r i b u t e s  
o f  a l t e r n a t i v e s  a n d  f n d i v f d u a l  c h a r a c t e r i s t i c s ,  a  p r o b a b i l i t y  
d e n s f t y  p(z) w f t h  ZEZ c h a r a c t e r i z i n g  t h e  d i s t r f b u t i o n  o f  a t t r i -  
b u t e s  I n  I a n d  a  c h o i c e  p r o b a b i l f t y  f u n c t l o n  p(a lz) s p e c i f y i n g  

t h e  c o n d i t i o n a l  p r o b a b f l f t y  o f  c h o o s i n g  a l t e r n a t i v e  a c A ,  g i v e n  
t h e  a t t r i b u t e s  ZEZ ( s e e  M c F a d d e n ,  1 9 8 2 ,  291). A s s u m i n g  t h a t  t h e r e  

f s  a  prforf k n o w l e d g e  o f  a  s t r u c t u r e  r e l a t i n g  z t o  a, t h e  fre- 

q u e n c y  d f s t r f b u t f o n  f  ( a , z )  d e s c r f b f n g  t h e  c h o f c e  - a t t r f b u t e  

p a i r s  ( a , z )  i n  I c a n  b e  e x p r e s s e d  a s  

w h e r e  t h e  c h o f c e  p r o b a b i l i t y  f u n c t i o n  h a s  t o  s a t f s f y  t h e  f o l l o -  

w i n g  c o n d f t i o n s  

a n d  

Spatial d i s c r e t e  c h o i c e  p r o b l e m s ,  s u c h  a s  t h e  r e s i d e n t i a l  l o c a -  
t i o n  and t h e  w o r k p l a c e  l o c a t i o n  p r o b l e m ,  a r e  c h a r a c t e r i z e d  by 

s p a t f a l  ly d e f f  ned a1 t e r n a t i  ves. N o t e  t h a t  a  d e c i s i o n  r a k e r ' s  

b e h a v f o u r  may b e  s u b j e c t  t o  s e v e r a l  e x t e r n a l  c o n s t r a i n t s  re- 
s t r i c t i n g  o r  p r o h i b i t i n g  t h e  c o n s i d e r a t i o n  of c e r t a i n  a l t e r n a -  



t i v e s .  T h i s  p r o b l e m  o f  t h e  n o n u n i f o r a i t y  o f  c h o i c e  s e t s  can  be 

overcome. Fo r  t h e  f a c t  t h a t  an  a l t e r n a t i v e  i s  n o t  a v a i l a b l e  t o  

one o f  t h e  i n d i v i d u a l s  can  be t a k e n  i n t o  a c c o u n t ,  f o r  example ,  by 

means o f  t h e  z - v a l u e  i n  such a  way t h a t  t h e  c o r r e s p o n d i n g  c h o i c e  

p r o b a b i l i t y  i s  e q u a l  t o  z e r o .  

Random u t i l l t v  based d i s c r e t e  c h o i c e  models t a k e  f o r  g r a n t e d  t h a t  

d e c i s i o n s  a r e  l a d e  a t  t h e  i n d i v i d u a l  l e v e l  on t h e  b a s i s  o f  t h e  

u t i l i t y - m a x i m i z i n g  p r i n c i p l e .  I t  i s  assumed t h a t  t h e r e  e x i s t s  a  
d i s t r i b u t i o n  o f  u t i l i t y  f u n c t i o n s  f r o m  w h i c h  t h e  u t i l i t y  f u n c t i o n  

U a s s o c i a t e d  w i t h  ( i , a ) ~ ( I x A )  i s  f i x e d ,  b u t  l a t e n t .  I n  a  f o r m a l  

sense, t h i s  u t i l i t y  f u n c t i o n  

deno tes  t h e  ( s u b j e c t i v e )  u t i l i t y  o f  a l t e r n a t i v e  a  t o  t h e  i - t h  

d e c i s i o n  makers where X i  i s  a  v e c t o r  o f  a t t r i b u t e s  c h a r a c t e r i z i n g  

i n d i v i d u a l  i and y, a  v e c t o r  o f  a t t r i b u t e s  d e s c r i b i n g  a l t e r n a t i v e  
a  w i t h  

The t e r m  cia r e p r e s e n t s  t h e  random p a r t  o f  u t i l i t y  f o r  a l t e r n a -  

t i v e  a  and v a r i e s  f r o m  c h o i c e  maker t o  c h o i c e  maker. 

I n  most random u t i l i t y  d i s c r e t e  c h o i c e  models u t i l i t y  i s  assumed 

t o  be a d d i t i v e l y  s e p a r a b l e  ( a d d i t i v e  u t i  1  i t v  h y p o t h e s i s ) .  T h i s  

a s s u m p t i o n  a l l o w s  t o  f o r m u l a t e  ( 6 )  as 

where t h e  d e t e r m i n i s t i c  component  V i a  = V(Zia) a c c o u n t s  f o r  t h e  

e f f e c t s  o f  t h e  measured a t t r i b u t e s  o f  b o t h ,  t h e  a l t e r n a t i v e s  and 

t h e  i n d i v i d u a l s .  The random component  cia = c(zia,. . . ) c a n  r e p r e -  

s e n t  many t y p e s  o f  u n c e r t a i n t y  i n  d e c i s i o n  mak ing ,  such  as i m p e r -  

f e c t  i n f o r m a t i o n  abou t  o b s e r v a t i o n ,  unobse rved  c o n s t r a t n t s  t h a t  

c o n d i t i o n  i n d i v i d u a l ' s  c h o i c e ,  u n o b s e r v e d  a t t r i b u t e s  a f f e c t i n g  

c h o i c e  and r e s u l t a n t  measurement  e r r o r s  as w e l l  as o t h e r  s o u r c e s  

o f  nonhomogeneous o r  i n c o n s i s t e n t  b e h a v i o u r .  S i n c e  t h e  i n d i v i d u a l  

s p e c i f i c  v a r i a t i o n s  o f  can  n o t  b e  measured, t h e y  a r e  t r e a t e d  
i a 



l 4 k e  random v a r i a b l e s  w h i c h  a r e  d i s t r i b u t e d  o v e r  I. 

A c o n v e n i e n t  and most w i d e l y  u s e d  f u n c t i o n a l  s p e c f f i c a t i o n  o f  t h e  

s y s t e a a t l c  component i s  t h e  l i n e a r - i n - p a r a m e t e r s  a u l t l a t t r i b u t e  

n o d e l  based  on t h e  t h e o r y  o f  c o n j o i n t  measurment ( s e e  Tfamermans, 

1984) ,  l e a d i n g  t o  

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

i n t e r p r e t a t i o n  o f  t h e  p a r a m e t e r  v e c t o r  g w h i c h  r e f l e c t s  t h e  

t a s t e s  o f  t h e  i n d i v i d u a l s .  

The d i s t r i b u t i o n  o f  

c o n d i t i o n a l  t o  zi. = ( z i a l a c A )  i s  s p e c i f i e d  as a  member o f  a  

p a r a m e t r i c  d i s t r i b u t i o n a l  f a m i l y  

The u t i l i t y  v e c t o r  ( u i a ,  a  4 )  has a  mu1 t i v a r l a t e  p r o b a b i l i t y  d i s -  

t r i b u t i o n  on z and 0. I f  t h i s  d i s t r i b u t i o n  o r  t h a t  o f  V i s  
i 

known, t h e  c h o i c e  p r o b a b i l i t y  t h a t  c h o i c e  r a k e r  i w i t h  a s s o c l a t e d  

a t t r i b u t e s  z  = (zia,la FA) w i l l  choose a l t e r n a t i v e  a  i s  t h e n  
i. 

e q u a l  t o  t h e  p r o b a b i l i t y  o f  d r a w i n g  o f  a  u t f l l t y  v e c t o r  f r o m  t h i s  

m u l t f v a r i a t e  p r o b a b i l i t y  d i s t r i b u t i o n  i n  such  a  manner t h a t  

U ia 3 a'fa, a'c  A ( 1 2  

Thus, t h e  fundamen ta l  e q u a t i o n  of a d d i t i v e  random u t l l  i t y  c h o i c e  

models can  be f o r m u l a t e d  as: 



a n d  f o r  t h e  l i n e a r  - in - p a r a m e t e r s  specification as  

T h e  f o r m  o f  t h e  c h o i c e  p r o b a b i l i t i e s  o b v i o u s l y  d e p e n d s  o n  t h e  

d i s t r i b u t i o n a l  f a m i l y  F c h o s e n .  D i f f e r e n t  a d d i t f v e  r a n d o m  u t i l i t y  

c h o i c e  model s  r e s u l t  from d f f f e r e n t  d l s t r f b u t i o n a l  fami 1 fes. T h e  
m u l i t n o m i a l  p r o b i t  model (MNP), f o r  e x a m p l e ,  by a s s u m i n g  t h a t  t h e  

r a n d o n  t e r m s  a r e  i n d e p e n d e n t l y  a n d  i d e n t i c a l l y  d i s t r i b u t e d  ( I I D )  
a c c o r d i n g  t o  t h e  rul t i v a r i a t e  j o i n t  normal d i s t r i b u t i o n .  W h i l e  
mu1 tf nomial probi t  models a r e  t h e o r e t i c a l  ly a p p e a l i n g  f n  a1 l o w i n g  
v a r i a t i o n  f n  t a s t e s  a m o n g  c h o i c e  m a k e r s  w f t h  i d e n t i c a l  o b s e r v e d  

a t t r i b u t e s  a s  well a s  t h e  r a n d o m  t e r m s  o f  u t i l i t y  t o  b e  c o r r e l a -  

t e d  a n d  t o  h a v e  unequal v a r i a n c e s  ( s e e  D a g a n z o ,  1979), t h e y  
b e c o m e  i n t r a c t a b l e  w h e n  t h e  n u m b e r  o f  a l t e r n a t i v e s  f s  l a r g e .  T h i s  
i n t r a c t a b i l i t y  c o m e s  from t h e  f a c t  t h a t  t h e  f u n c t i o n a l  r e l a t i o n -  

s h f p  b e t w e e n  t h e  c h o i c e  p r o b a b i l f t e s  a n d  t h e  m e a s u r e d  a t t r i b u t e s  
c a n  not b e  c o m p u t e d  i n  a n  a n a l y t i c a l l y  c l o s e d  form. T h e  c h o i c e  

p r o b a b i l f t e s  h a v e  t o  b e  c o m p u t e d  t h r o u g h  n u m e r f c a l  I n t e g r a t i o n  
b a s e d  o n  v a r i o u s  a p p r o x i m a t i o n  p r o c e d u r e s  ( s e e  e.g. D a n g a n z o  e t  
al., 1977). 

I f  F i s  t h e  IID e x t r e m e - v a l u e  ( W e i b u l l  o r  G n e d e n k o )  d i s t r f b u t i o n  

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

i n t o  t h e  d e f i n i t i o n  o f  t h e  s y s t e m a t i c  p a r t  o f  u t i l i t y  ( D o m e n c i c h  

a n d  PlcFadden, 1975, 65), t h e  m o s t  t r a c t a b l e  f a m i l y  o f  a d d i t i v e  
r a n d o m  u t i l i t y  d i s c r e t e  c h o i c e  m o d e l s ,  t h e  ( l i n e a r - i n - p a r a m e t e r s )  

mu1 t i n o n i a l  loqi t  ( M N L )  model s, c h a r a c t e r i z e d  by c h o i c e  p r o b a b i -  
l i t i e s  o f  t h e  f o l l o w i n g  f o r m  

c a n  b e  d e r i v e d .  A m a t h e m a t i c a l  p r o o f  o f  t h i s  d e r i v a t i o n  c a n  b e  

f o u n d  i n  S t o p h e r  and M e y b u r g  ( 1 9 7 5 ,  1 - 1 1 ,  H e n s h e r  a n d  J o h n s o n  

( 1 9 8 1 ,  39-42), A n a s  ( 1 9 8 2 ,  6 2 - 6 3 )  a n d  R a d d a l a  ( 1 9 8 3 ,  60-61). 



An a p p e a l i n g  f e a t u r e  o f  t h e  MNL model i s  t h a t  i t  i s  c o a p u t a t i o -  

n a l l y  much n o r e  t r a c t a b l e  t h a n  t h e  WNP and o t h e r  random c h o i c e  

models w h l l e  b e i n g  a  v e r y  c l o s e  a p p r o x i m a t i o n  t o  t h e  HNP model 

s i n c e  t h e  U e i b u l l  d i s t r i b u t i o n  i s  a  skewed d i s t r i b u t i o n  w h i c h  

c l o s e l y  a p p r o x f n a t e s  t h e  normal  d f s t r i b u t i o n  ( s e e  H o r o w f t z ,  1980, 

f o r  an e m p i r i c a l  c o n f f r m a t f o n ) .  A n o t h e r  f m p o r t a n t  c h a r a c t e r i c  f s  

t h a t  t h e  r e l a t i v e  p r o b a b i l f t i e s  o f  any t w o  a l t e r n a t f v e s  depend 

o n l y  on t h e i r  s y s t e m a t f c  components o f  u t i l i t y  and a r e  i n d e p e n -  

d e n t  o f  o t h e r  a l t e r n a t i v e s  o f  t h e  c h o i c e  s e t ,  1 .e .  

T h f s  p r o p e r t y ,  t e r m e d  i ndependence f r o m  f r r e l e v a n t  a1 t e r n a t i  ves 

( I I A L  p r o p e r t y ,  f s  b o t h ,  a  s t r e n g t h  and a  weakness o f  t h e  HNL 

model .  I t  i s  a  s t r e n g t h ,  because  i t  p e r m i t s  t h e  i n t r o d u c t i o n  

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

r e e s t i n a t f n g  t h e  u t i l i t y  f u n c t i o n  p a r a m e t e r s  and, t h u s ,  g r e a t l y  

f a c i l i t a t e s  e s t i m a t i o n  and f o r e c a s t i n g .  F u r t h e r m o r e ,  t h e  I I A  

p r o p e r t y  embod ies  t h e  i d e a  o f  s e p a r a b i l i t y  o f  c h o i c e s .  T h i s  

s e p a r a b i l i t y  n o t i o n  a l l o w s  t o  decompose any d e c i s f o n  p r o c e s s ,  

such  as t h e  r e s i d e n t i a l  l o c a t i o n  - p a r t i c i p a t i o n  - w o r k p l a c e  

l o c a t i o n  one, i n t o  a  s e r i e s  o f  s t r u c t u r a l l y  r e l a t e d  d e c i s i o n s  

( S t o p h e r  and Heyburg ,  1976,  1 4 - 1 5 ) .  I t  l s  a  l i m i t a t i o n  when some 

o f  t h e  a l t e r n a t i v e s  a r e  s l m i l a r .  The p r e s e n c e  o f  a  s t r u c t u r e  o f  

s i m i l a r i t f e s  a r i s i n g  f o r  examp le  f r o m  c o r r e l a t i o n  i n  t h e  unob- 

s e r v e d  a t t r i b u t e s  be tween  a l t e r n a t i v e s  i n v a l i d a t e s  t h e  use  o f  t h e  

HNL model .  A f u r t h e r  f e a t u r e  o f  t h e  HNL model i s  w o r t h  t o  be  

n o t e d ,  name1 y  t h a t  a t t r i b u t e s  c h a r a c t e r i z i n g  t h e  d e c i s i o n  makers 

can be f n c l u d e d  i n  t h e  u t i l i t y  f u n c t i o n  b u t  n o t  i n  a  l i n e a r -  

a d d i t i v e  manner. These a t t r i b u t e s  h a v i n g  common v a l u e s  f o r  each 

a1 t e r n a t i v e  wou ld  c a n c e l  o u t  f r o m  t h e  c h o i c e  p r o b a b i  l i t e s  ( s e e  

Anas, 1982, 6 4 - 6 5 ) .  

As a  f i n a l  p o i n t  i n  t h i s  s u b s e c t i o n  a  few r e m a r k s  on e s t i m a t i o n  

a r e  i n  o r d e r .  The MNL model ,  i . e .  t h e  c o e f f i c i e n t s  o f  t h e  s y s t e -  

m a t i c  p a r t  o f  u t i l i t y ,  can b e  e s t i m a t e d  v f a  maximum l i k e l i h o o d .  

B e f o r e  e s t i m a t i n g ,  c e r t a i n  d e c i s i o n s  have t o  be made w f t h  r e s p e c t  

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

e s t f m a t i o n  sample.  I n  t h e  c a s e  o f  random s a m p l i n q  maximum l i k e l i -  

hood (WL) e s t i m a t e s  can  b e  o b t a i n e d  by  one o f  t h e  s t a n d a r d  i t e r a -  

t i v e  p r o c e d u r e s  such as t h e  g r a d i e n t  s e a r c h ,  Newton-Raphson, 

F i s h e r ' s  s c o r i n g ,  F l e t c h e r - P o w e l l  and D a v i d o n  p r o c e d u r e s .  The ML- 



e s t i m a t e s  s h o w  a1 1 t h e  u s u a l ,  d e s l r a b l e  statistical p r o p e r t i e s  l n  

l a r g e  s a m p l e s  ( s e e  M c F a d d e n ,  1974). M L - e s t l m a t l o n  f r o m  e x o a e n o u s -  

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

individuals w i t h  e x o g e n o u s l y  g l v e n  a t t r i b u t e s  a r e  s e l e c t e d ,  d o e s  
n o t  y l e l d  a n y  n e w  p r o b l e m s  a s  c o m p a r e d  t o  estimation I n  r a n d o m  

s a m p l  l ng. T h e  R L - e s t i  ~ a t l o n  p r o c e d u r e s ,  h o w e v e r ,  l e a d  t o  i n c o n s l -  
s t e n t  a n d ,  t h u s ,  a s y m p t o t l c a l l y  b i a s e d  e s t l m a t e s  i n  c a s e s  o f  
e n d o q e n o u s l y  s t r a t i f i e d  ( c h o l c e - b a s e d )  s a m p l i n q .  O n l y  r e c e n t l y ,  

p r o g r e s s  h a s  b e e n  l a d e  i n  d e v e l o p l n g  s t a t l s t l c a l l y  s o u n d  e s t i m a -  
t o r s  I n  t h i s  c a s e  o r  I n  t h e  c a s e  o f  m o r e  c o m p l l c a t e d  t y p e s  o f  

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

e n d o g e n o u s  v a r i a b l e s  a t  t h e  s a m e  t l m e  ( s e e  C o s s l e t t ,  1 9 8 1 ,  M a n s k i  
a n d  M c F a d d e n ,  1981). 

2.3. T& mu1 t i n o m i a l  l o s l t  f r a m e w o r k  a n d  s o m e  dl f f e r e n t  p r o b a b i -  

l l t y  c h o i c e  s t r u c t u r e s  

T h e  p u r p o s e  o f  t h i s  s e c t i o n  I s  t o  d e v e l o p  s e v e r a l  r e g i o n a l  l a b o u r  

s u p p l y  m o b i l i t y  d i s c r e t e  c h o i c e  m o d e l s  w i t h l n  t h e  mu1 t i n o ~ i a l  
l o g i t  f r a m e w o r k .  T h l s  w i l l  b e  d o n e  by a s s u m i n g  d f f f e r e n t  c h o i c e  
s t r u c t u r e s  u n d e r l y l n g  t h e  c o m p l e t e  r e s i d e n t l a l  l o c a t l o n  - e m p l o y -  

r e n t  s t a t u s  - w o r k p l a c e  l o c a t i o n  c h o i c e  p r o b l e m .  A s  m e n t i o n e d  

a l r e a d y  l n  2.2., t h e  separability n o t f o n  e m b o d i e d  I n  t h e  I I A -  

p r o p e r t y  o f  t h e  M N L  m o d e l  a l l o w s  t o  d e c o m p o s e  t h e  r e g i o n a l  l a b o u r  
s u p p l y  m o b 1  1 i t y  p r o c e s s  i n t o  a s e r l e s  o f  s t r u c t u r a l  1 y r e l a t e d  

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

b e h a v l o u r .  A t  l e a s t  t h r e e  m a l n  c h o l c e  s t r u c t u r e s  l e a d i n g  t o  

d i f f e r e n t  r e g i o n a l  l a b o u r  s u p p l y  r a n d o m  u t i l l t y  d i s c r e t e  c h o i c e  
m o d e l s  c a n  b e  d l s t l n g u i s h e d .  T h e s e  w i l l  b e  described I n  t h e  

s e q u e l .  

S u p p o s e  t h a t  a n  I n d i v i d u a l  f a c e s  t h r e e  t y p e s  o f  d e c i s i o n s :  T h e  

r e s i d e n t l a l  l o c a t i o n  d e c i s i o n ,  t h e  p a r t i c i p a t i o n  d e c i s i o n  a n d  t h e  
w o r k p l a c e  d e c i s i o n .  L e t  b e  

t h e  s e t  o f  s p a t l a l  o p t i o n s  ( r e s i d e n t i a l  z o n e s )  a v a i l a b l e  f o r  t h e  

r e s i d e n t i a l  l o c a t i o n  d e c i s i o n .  



t h e  s e t  o f  t h e  t w o  e m p l o y m e n t  s t a t u s  a l t e r n a t i v e s  ' p a r t i c i p a t i o n '  

( b  = b,) a n d  ' n o n - p a r t i c i p a t i o n '  ( b  = b  ) a n d  
2 

t h e  s e t  o f  s p a t i a l  o p t i o n s  ( w o r k p l a c e  z o n e s )  a v a i l a b l e  f o r  t h e  
w o r k p l a c e  l o c a t i o n  d e c i s i o n .  F o r  s i m p l  i c i  t y  l e t  us a s s u m e  t h a t  

A  = C 1  a n d  a l  = c,, . . . ,  - - c c t .  T h e  f u n c t i o n a l  s p e c i f i c a t i o n  
o f  t h e  s y s t e m a t i c  u t i l i t y  u s e d  i s  t h e  l i n e a r - i n  p a r a a e t e r s  m u l -  

t i a t t r i b u t e  model. S o c i o e c o n o n i c  a t t r i b u t e s  c h a r a c t e r i z i n g  t h e  

d e c i s i o n  r a k e r  c a n  b e  i n c l u d e d  i n t o  t h e  u t i l i t y  f u n c t i o n ,  b u t  n o t  
i n  a  l i n e a r  a d d i t i v e  w a y  ( s e e  A n e m i y a ,  1 9 8 1 ,  1 4 9 1  a n d  A n a s ,  1 9 8 2 ,  

64-65). T h u s ,  i t  i s  a s s u m e d  t h a t  t h e  s y s t e m a t i c  c o m p o n e n t  o f  
u t i l i t y  d o e s  n o t  d e p e n d  u p o n  s o c i o e c o n o r i c  a t t r i b u t e s  o f  t h e  

d e c i s i o n  m a k e r  i n  o r d e r  t o  s i m p l  i f y  t h e  f o l l o w i n g  d i s c u s s i o n .  

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

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

d e c i s i o n  o n  a n o t h e r .  T h i s  i m p l i e s ,  f o r  e x a m p l e ,  t h a t  t h e  r e s i d e n -  
tial l o c a t i o n  d e c i s i o n  h a s  n o  e f f e c t  o n  t h e  p a r t i c i p a t i o n  d e c i -  

s i o n  o r  o n  t h e  w o r k p l a c e  d e c i s i o n .  I t  a l s o  i m p l i e s  a n  a d d i t i v e l y  
s e p a r a b l e  s y s t e m a t i c  u t i l i t y  o f  t h e  f o l l o w i n g  f o r m :  

w h e r e  y a  , y b  a n d  y c  r e p r e s e n t  v e c t o r s  o f  a t t r i b u t e s  c h a r a c t e r i -  

z i n g  t h e  a l t e r n a t i v e s  i n  t h e  c h o i c e  s e t  A, B a n d  C, r e s p e c t i v e l y ,  

a n d  a r e  i n d e p e n d e n t  a c r o s s  t h e  d e c i s i o n s .  t l ,  t 2  a n d  d6, d e n o t e  
t h e  c o r r e s p o n d i n g  u t i l i t y  p a r a m e t e r  v e c t o r s .  

U s i n g  ( 1 6 )  i e a d s  t o  t h e  f o l l o w i n g  c h o i c e  p r o b a b i  1 i t i e s :  

e x p ( y ,  il) 

exp (yb i2) - 
Pb - - 

exp(yb1 E ~ )  
b ' t  B 



eXF (yc B 3 )  

PC 
f 

exp (yc, 6 3 )  
C ' C  C 

T h e  r e s u l t i n g  p r o b a b i l i t y  c h o i c e  s t r u c t u r e ,  the [ l i n e a r - i n - p a r a -  
m e t e r s  I I D )  i n d e p e n d e n t  !4NJ m o d e l ,  i s  g i v e n  by 

S i n c e  t h e  a t t r i b u t e s  d e s c r i b i n g  t h e  t h r e e  c h o i c e s  a r e  o b v i o u s l y  
n o t  i n d e p e n d e n t  a n d  m u t u a l l y  e x c l u s i v e  ( s e e  2.1. ) ,  t h i s  r o d e 1  i s  
n o t  a c c e p t a b l e  f o r  m o d e l  1 i n g  t h e  1 a b o u r  s u p p l y  m o b i  1 i t y  p r o c e s -  

ses. 

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

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

p r o c e s s  s h o w s  a  n e s t e d  (hierarchical) c h o i c e  s t r u c t u r e  w h e r e  

r e s u l t s  o f  d e c i s i o n s  o n  l o w e r  l e v e l s  f e e d  l n t o  t h o s e  o f  h i g h e r  
l e v e l s  (i.e. f e e d b a c k  e f f e c t s  a r e  t a k e n  i n t o  a c c o u n t ) .  T h l s  
i m p l i e s  t h a t  t h e  s y s t e m a t l c  u t i l l t y  i s  a d d i t i v e l y  s e p a r a b l e .  O n e  

e x a m p l e  o f  a n  a d d l t i v e l y  s e p a r a b l e  s y s t e m a t l c  uti 1 l t y  f u n c t i o n  
l s: 

w h e r e  yabc i s  t h e  r o w  v e c t o r  o f  o b s e r v e d  attributes t h a t  v a r y  
w i t h  r e s i d e n t i a l  l o c a t i o n  z o n e ,  e m p l o y m e n t  s t a t u s  a n d  w o r k p l a c e  

l o c a t i o n  z o n e  ( s u c h  a s  j o u r n e y - t o - w o r k  t r a v e l  t l m e ) ,  ybc t h e  r o w  

v e c t o r  o f  o b s e r v e d  a t t r l b u t e s  t h a t  v a r y  w i t h  e m p l o y m e n t  s t a t u s  
a n d  w o r k p l a c e  l o c a t i o n  z o n e  ( s u c h  a s  income), yab t h e  r o w  v e c t o r  
o f  o b s e r v e d  a t t r i b u t e s  t h a t  v a r y  w i t h  r e s i d e n t i a l  z o n e  a n d  e m p -  

l o y m e n t  s t a t u s  ( s u c h  a s  a c c e s s i b i l i t y  o f  kindergartens a n d  d a y  
c a r e  c e n t e r s  i n  t h e  residential z o n e )  a n d  y a  t h e  r o w  v e c t o r  o f  

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

r e s i d e n t i a l  q u a l l t y ) .  P I ,  P2, P 3  a n d  p 4  d e n o t e  c o l u m n  v e c t o r s  o f  
uti 1 l t y  p a r a m e t e r s .  

T h e  u t i l i t y  s t r u c t u r e  (26) i s  c o n s i s t e n t  w i t h  r a n d o m  u t i l i t y  

m a x i n i  z a t i o n  f o r  t h e  fol l o w i n g  r e c u r s l v e  s e q u e n t i a l  c h o i c e  p r o b a -  

bll i t y  s t r u c t u r e :  



where p  i s  t h e  c o n d i t i o n a l  p r o b a b l l  i t y  o f  c h o o s i n g  w o r k p l  ace  
c l a b  

l o c a t i o n  zone  c  g i v e n  t h e  c h o i c e  o f  residential l o c a t i o n  zone a  

and employment  s t a t u s  b, 
' b \ a  

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

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

zone a  and p  i s  t h e  m a r g i n a l  p r o b a b i l i t y  o f  c h o o s i n g  r e s i d e n t i a l  
a  

zone a. 

The c o n d i t l o n a l  and m a r g i n a l  p r o b a b i l i t i e s  can be seen t o  b e  

where t h e  i n c l u s i v e  v a l u e s  PIab and Ha a r e  d e f i n e d  as 

na = log 1 exp(yab. e 2 +  11 - Y , )  nab') 
b' c B  

w i t h  u, and u Z  b e i n g  c o e f f i c i e n t s  o f  Rab and Ha , r e s p e c t i v e l y .  

The inclusive v a l u e s  r e p r e s e n t i n g  e x p e c t a t l o n s  o f  t h e  ou tcomes o f  

l o w e r - l e v e l  c h o i c e s  w h i c h  m i g h t  b e  d i f f e r e n t  among a l t e r n a t i v e s  

o f  h l g h e r - l e v e l  c h o i c e s  s e r v e  as l l n k i n g  mechanism i n  t h e  c h o i c e  

model ( 2 7 ) - ( 3 2 ) .  From a  t h e o r e t i c a l  p o i n t  o f  v i ew ,  o n l y  one 

e l e m e n t a l  a l t e r n a t i v e  i s  c o n f i n e d  t o  t h e  b r a n c h  o f  t h e  d e c i s i o n  

t r e e  b e l o w  b  = b2.  

T h i s  t h r e e - l e v e l  n e s t e d  l a b o u r  s u p p l y  m o b i l i t y  d i s c r e t e  c h o i c e  

model b e l o n g s  t o  t h e  f a m i l y  of ( a d d i t i v e  random)  n e s t e d  n u l t i n o -  

m i a l  l o q i t  ( N H N L )  models,  w h i c h  can be d e r i v e d  f r o m  t h e  assump- 

t i o n  t h a t  t h e  r e s i d u a l s  have  a  g e n e r a l i z e d  e x t r e m e - v a l u e  ( G E V )  

d i s t r i b u t i o n  ( s e e  PlcFadden, 1 9 7 9 ) .  A s  a  consequence i t  4s f l e x i b -  

l e  t o  c a p t u r e  p a t t e r n s  o f  s u b s t i t u t i o n  be tween a l t e r n a t i v e s  and,  

t h u s ,  r e l a x e s  t h e  1 i n i t i n g  I I A  p r o p e r t y  o f  t h e  HNL mode l .  A 



sufficfent a n d  also necessary condition of the three-level nested 
choice model to be consistent w i t h  random utility maximization is 
that p l  and p 2  lie i n  the unit interval (McFadden, 1978, 1979). 

Estimates of p 1  and/or u 2  outside the unit interval can be consl- 
dered as evidence of a specificatlon error. F l n d l n g  estimates of 
U 1  and U 2  being equal to one then the feedback effects vanish and 

(27)-(32) reduces to a model version which Is usually termed 

(three-1 eve1 ) sequent i a1 MNL model (c. f. Hensher and Johnson, 1981, 

79-81). I n  this case the choice alternatives wlthln 8 a n d  C are 

viewed as distinct alternatives wlth uncorrelated unobserved 

attributes. F i n d i n g  estimates of P 1  and P 2  equal to zero the 

nested model reduces to the simultaneous MNL model verslon (see 

Amemiya, 1981). If these parameter estimates are slgnl flcantl y 

dlfferent from one, then there is evldence that the IIA property 
does not hold (see Maddala, 1983, 77). 

The full Inforration maximun llkellhood estimation presents some 
technical problems, but it Is posslble to use a sequentlal maxi- 

m u m  likellhood procedure and to formulate a sequence of computa- 
tional 1 y sl mple m a x i m u m  1 i kel I hood procedures corresponding to 

the levels of the nested structure. The sequential procedure 

yields consistent, but not I n  general efflclent estimators (see 

McFadden, 1981, 242). In the flrst step p j  and p q  are estimated 
from (28). Then the lncluslve values M* are computed from (31), 
B~ and p 1  are estimated from (29), glven the values of Nab. The 
inclusive values M a  are computed from (32) and B 1  and u 2  esti- 

mated from (30) given the values Ma. 

The utllity structure (26) Is also conslstent wlth utility maxi- 
mization for the following recurslve sequentlal choice probabil I -  
ty structure 

where p,;* is the conditional probabil lty of chooslng workplace 

locatlon zone c given the choice of residentlal locatlon zone a 

and employment status b, the conditional probability of 
choosing residential location zone a given the employment status 

b and p b  the marginal probability of choosing employment status 
b .  The logistlc fora of these chofce probabilities is given by  



w i t h  t he  inc lus ive  values 

From a  theo re t i ca l  p o i n t  of  view, o n l y  A '  elemental a l t e r n a t i v e s  
a re  confined t o  the  branch o f  the  decis ion t r e e  below b = 

2. 

The t w o  d i s c r e t e  choice models (27 ) - (32 )  and (33 ) - (38 )  d i f f e r  i n  
t h a t  t he  f i r s t  one assumes a three- level  nested multinomial l o g i t  
model with the  empl oyment s t a t u s  decis ion condit ional  on the  
r e s i d e n t i a l  locat ion decis ion,  whereas t he  second one assumes a  
th ree- leve l  nested 1 og i t  model w i t h  t he  r e s i d e n t i a l  locat ion 
choice condit ional  o n  the employment s t a t u s  decis ion.  In t he  
f i r s t  chofce model version the  inc lus ive  value parameter u, mea- 
sures  the  co r r e l a t i on  among the  random terms due t o  workplace 
zones s i m i l a r i t y  w i t h i n  a r e s iden t i a l  zone and for  the  same 
employment s t a t u s .  A n  es t imate  o f  u 1  equal t o  zero denotes n o  
c o r r e l a t i o n  among unobserved workplace 1 ocation re la ted  a t t r i -  
butes whereas an es t imate  of u 1  equal t o  one ind ica tes  nearly 
i den t i ca l  unobserved a t t r i b u t e s  f o r  t he  workplace zones. Similar-  

l y ,  t h e  inc lus ive  value parameter u 2  i s  a  measure o f  co r r e l a t i on  
among unobserved empl oyment s t a t u s  re1 ated a t t r i b u t e s  within a  
r e s i d e n t i a l  zone w i t h  an e s t i a a t e  of  u 2  equal t o  one ind ica t ing  
nearly i den t i ca l  unobserved random a t t r i b u t e s  fo r  the  employment 
s t a t u s  a1 t e rna t ives  a n d  an es t imate  of u 2  equal t o  zero denoting 
no co r r e l a t i on  among the  employaent s t a t u s  a l t e r n a t i v e s .  In the  
second three- level  nested choice model the  parameters o l  a n d  u 2  

have a  simil ar  i n t e r p r e t a t i o n .  o, measures workplace zone simi l a -  
r i t y  i n  unobserved random a t t r i b u t e s  whereas u 2  measures residen- 
t i a l  zone s i n i  l a r i  ty i n  unobserved random a t t r i b u t e s  ( s ee  Anas, 
1982 ,  1 3 7 - 1 3 8 ) .  



Ncw l e t  us t u r n  t o  t h e  t h i r d  s t r u c t u r e ,  t h e  s i m u l t a n e o u s  c h o i c e  

s t r u c t u r e .  I n  t h i s  case  no a s s u m p t i o n  i s  made a b o u t  t h e  i n d e p e n -  

dency o r  t h e  n e s t e d  s t r u c t u r e  o f  t h e  c h o i c e  p r o c e s s .  R a t h e r  i t  i s  

assumed t h a t  an i n d i v i d u a l  makes a l l  t h r e e  c h o i c e s  s i n u l t a n e -  

o u s l y .  The s i m u l t a n e o u s  p r o b a b i l i s t i c  c h o i c e  s t r u c t u r e  c o r r e s p o n -  

d i n g  t o  t h i s  case w i t h  u t i l i t y  s t r u c t u r e  ( 2 6 )  i s  g i v e n  by 

From a  t h e o r e t i c a l  p o i n t  o f  v i ew  t h e  s e t  o f  a l t e r n a t i v e s  i s  

c o n f i n e d  t o  A ' C '  + A '  d i f f e r e n t  a l t e r n a t i v e s .  Tha t  i s ,  an e lemen-  

t a l  a l t e r n a t i v e  i s  e i t h e r  a  c o m b i n a t i o n  o f  r e s i d e n t i a l  zone a, 

employment  s t a t u s  b  = b  ( e .  g. ' p a r t i c i p a t i ' o n ' )  and w o r k p l a c e  

zone c  o r  a  c o m b i n a t i o n  o f  r e s i d e n t i a l  zone a, employment  s t a t u s  

b  = 
2 

( e .  g. ' n o n - p a r t i c i p a t i o n '  ) and w o r k p l a c e  zone c  w i t h  

w o r k p l a c e  zone c  and r e s i d e n t i a l  zone a  c o i n c i d i n g .  

O b v i o u s l y  t h e  s i m u l t a n e o u s  c h o i c e  s t r u c t u r e  l e a d s  t o  a  comp lex  

d i s c r e t e  c h o i c e  model I n  w h i c h  t h e r e  a r e  l i k e l y  t o  be s e r i o u s  

e s t i m a t i o n  p r o b l e m s  I n  t h e  c a s e  o f  a  l a r g e  number o f  a1 t e r n a -  

t i v e s .  T h i s  probability c h o i c e  s t r u c t u r e ,  however,  l e a d s  t o  t h e  

b e s t  u t i l i t y  p a r a m e t e r  estimates, i f  t h e  u n d e r l y i n g  c h o i c e  s t r u c -  

t u r e  i s  a  s i m u l t a n e o u s  one. I n  t h e  c o n t e x t  o f  l a b o u r  s u p p l y  

n o b i l i t y  d e c i s i o n s  i t  seems t o  b e  t h e  most a p p r o p r i a t e  one. 

Uhereas  f rom a  b e h a v i o u r a l  p o i n t  o f  v i e w  t h e  i n d e p e n d e n t  c h o i c e  

s t r u c t u r e  i s  t o t a l l y  i m p l a u s i b l e ,  a  r e c u r s i v e  s e q u e n t i a l  d e c i s i o n  

s t r u c t u r e  may be v iewed  as a c c e p t a b l e  if t h e  I I A  a s s u m p t i o n  o f  

t h e  j o i n t  MNL model i s  s i g n i f i c a n t l y  i n v a l i d  a n d l o r  i f  s i m u l t a -  

n e i t y  becomes unnanagab le  ( i . e .  l a r g e  A '  and C ' ) .  I f  t h e  r e c u r -  

s i v e  s e q u e n t i a l  c h o i c e  s t r u c t u r i n g  a p p r o a c h  I s  a d o p t e d  i t  i s  

o b v i o u s l y  n e c e s s a r y  t o  d e t e r m i n e  t h e  most  a d e q u a t e  n e s t e d  s t r u c -  

t u r e .  Fo r  t h e  e s t i m a t e d  p a r a m e t e r s  seem t o  b e  s e n s i t i v e  t o  t h e  

sequence o f  d e c i s i o n s  chosen.  

F i n a l l y ,  i t  i s  w o r t h w i l e  t o  n o t e  t h a t  t h e  s i m u l t a n e o u s  and t h e  

t h r e e - l e v e l  r e c u r s i v e  s e q u e n t i a l  c h o i c e  s t r u c t u r e s  can  be con-  

b i  ned i n  such  a  way t h a t  t w o - l e v e l  n e s t e d  r e g i o n a l  l a b o u r  s u p p l y  

m o b i l i t y  d i s c r e t e  c h o i c e  models r e s u l t .  Suppose a  t w o - l e v e l  

n e s t e d  c h o i c e  s t r u c t u r e  where - as i n  ( 2 8 ) - ( 3 3 )  - f i r s t  t h e  

r e s i d e n t i a l  l o c a t i o n  i s  chosen and t h e n  s i m u l t a n e o u s l y  t h e  en -  

p l o y n e n t  s t a t u s  and t h e  w o r k p l a c e  l o c a t i o n ,  g i v e n  t h e  r e s i d e n t i  a1 

l o c a t i o n .  C h o i c e  a l t e r n a t i v e s  a t  t h e  l o w e r  l e v e l  o f  t h e  c h o i c e  



s t r u c t u r e  a r e  c o m b i n a t i o n s  o f  w o r k p l a c e  z o n e s  c a n d  t h e  e m p l o y -  

m e n t  s t a t u s  ' p a r t i c i p a t i o n '  p l u s  t h e  a l t e r n a t i v e  ' n o n - p a r t i c l p a -  
t i o n ' .  A s s u m i n g  u t i l i t y  s t r u c t u r e  ( 2 6 )  t h e  f o l l o w l n g  N M N L  m o d e l  

i s  o b t a i n e d :  

exp(ya B1 + ( 1  - u )  Wa) 

Pa 
t 

L exp(ya, B1 + ( 1  - w )  Warn) 
a' c A 

w h e r e  t h e  i n c l u s i v e  v a l u e  U, i s  d e f i n e d  a s  

w h e r e  t h e  i n c l u s i v e  v a l u e  p a r a m e t e r  u m e a s u r e s  t h e  w o r k p l a c e  z o n e  

- e m p l o y m e n t  s t a t u s  s i m i l a r i t y  i n  u n o b s e r v e d  r a n d o m  a t t r i b u t e s .  

T h e  s e c o n d  t w o - l e v e l  N M N L  m o d e l  d i f f e r s  f r o m  ( 4 0 ) - ( 4 3 )  i n  t h a t  i t  

a s s u m e s  a  c h o i c e  s t r u c t u r e  w i t h  t h e  . s i m u l t a n e o u s  c h o i c e  o f  r e s i -  
d e n t i  a1 a n d  w o r k p l a c e  1 o c a t i o n  c o n d i t i o n a l  o n  t h e  e m p l  o y m e n t  
s t a t u s  d e c i s i o n .  T h e  s e q u e n t i a l  p r o b a b i l i t y  c h o i c e  s t r u c t u r e  

c o n s i s t e n t  w i t h  m a x i m i z i n g  ( 2 6 )  i s  g i v e n  by 

'XP(Y, E l  + Yab r 2  + ybc 6 3  + Yabc 
= 

Pac b ( 4 5 )  1 e x ? ( ~ a *  € 1  + Ya'b e 2  + Ybc' ' 3  + Ya*bc' 
a'c A c'c C 

A'C' a1 t e r n a t i  v e s  ( c o m b i  n a t i o n s  o f  r e s i d e n t i a l  a n d  w o r k p l a c e  

z o n e s )  a r e  c o n f i n e d  t o  t h e  b r a n c h  b e l o w  b  = b l ,  w h e r e a s  o n l y  A '  

s p a t i a l  o p t i o n s  (i .e. w o r k p l a c e  z o n e  a n d  r e s i d e n t i a l  z o n e  c o i n c i -  

d i n g )  a r e  c o n f i n e d  t o  t h e  b r a n c h  b e l o w  b  = b2. T h e  u t i l i t i e s  o f  

t h e  r e m a i n i n g  ( A ' C '  - A ' )  a l t e r n a t i v e s  c o n f i n e d  t o  b  = b2 a r e  a  
p r i o r i l y  s e t  e q u a l  t o  m i n u s  i n f i n i t y .  C o n s e q u e n t l y ,  t h e  c o r r e s -  
p o n d i n g  c o n d i t i o n a l  c h o i c e  p r o b a b i l i t i e s  ( 4 5 )  b e c o m e  z e r o .  



exp ( ( 1  - 7 Tb) - - 
Pb 

- 
cJCp((1 - 7 )  Tb*) 

b ' f  B 

where t h e  i n c l u s i v e  v a l u e  Tb i s  d e f i n e d  as 

The i n c l u s i v e  v a l u e  p a r a m e t e r  measures t h e  r e s i d e n t i a l  and 

w o r k p l a c e  l o c a t i o n  s i m i l a r 4  t y  i n  u n o b s e r v e d  random a t t r i  b u t e s .  

3. THE ACCURACY O F  RECURSIVE SEQUENTIAL PROBABILITY CHOICE STRUC- 

TURES --- A S  AN APPROXIMATION TO A_ SIMULTANEOUS C H O I C E  STRUCTURE 

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

and o f t e n  t h e  most  a d e q u a t e  one o f  t h e  a l t e r n a t i v e  c h o i c e  s t r u c -  

t u r e s ,  i t  becomes unmanageable i n  t h e  c a s e  o f  a  l a r g e  number o f  

s p a t i a l  o p t i o n s .  Thus i t  seems t o  be  i n t e r e s t i n g  and u s e f u l  t o  

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

c h o i c e  s t r u c t u r e  i n  s i t u a t i o n s  where  a  s i m u l t a n e o u s  s t r u c t u r e  may 

be v a l i d .  I t  i s  t h e  m a i n  p u r p o s e  o f  t h i s  s e c t i o n  t o  p r e s e n t  some 

e v i d e n c e  by  means o f  a  Monte  C a r l o  s i m u l a t i o n  s t u d y  and t o  ana-  

l yse,  whe the r  

o  t h e  t h r e e - l e v e l  n e s t e d  mu1 t i n o m i a l  l o g i  t r e g i o n a l  1 a b o u r  

s u p p l y  m o b i l i t y  d i s c r e t e  c h o i c e  models ( 2 6 ) - ( 3 1 ) ,  s h o r t l y  

te rmed NMNL m o d e l  1 and ( 3 2 ) - ( 3 7 ) ,  t e rmed  NMNL model 2, and 

o  t h e  t w o - l e v e l  n e s t e d  mu1 t i n o m i a l  l o g i t  r e g i o n a l  l a b o u r  supp-  

l y  m o b i l i t y  d i s c r e t e  c h o i c e  mode ls  ( 4 0 ) - ( 4 3 ) ,  NMNL model 5 
and ( 4 4 ) - ( 4 7 ) ,  NMNL model 4, 

p r o v i d e  good a p p r o x i m a t i o n s  t o  an  a  p r i o r i  g i v e n  t r u e  s i m u l t a -  

neous p r o b a b i  1  i t y  c h o i c e  s t r u c t u r e .  F u r t h e r m o r e ,  i t i s  i n v e s t i  - 
g a t e d  i f  t h e  s i m u l t a n e o u s  m u l t i n o m i a l  l o g i t  model ( 3 9 )  i s  a b l e  t o  

r e p r o d u c e  t h i s  c h o i c e  s t r u c t u r e .  

F o r  s i m p l i c i t y  i t  i s  assumed t h a t  o n l y  t h r e e  s p a t i a l  o p t i o n s  a r e  

a v a i l a b l e  f o r  b o t h ,  t h e  r e s i d e n t i a l  and t h e  w o r k p l a c e  l o c a t i o n  

c h o i c e .  The u t i l i t y  f u n c t i o n  i s  s p e c i f i e d  i n  a c c o r d a n c e  w i t h  ( 2 6 )  

as 



with 
1 

Y a 

1 
abc 

an  observed a t t r i b u t e  (such as r e s i d e n t i a l  q u a -  

1 i t y ) ,  which var ies  with the  r e s i d e n t i a l  loca- 
t i o n  zone on1 y ,  

a n  observed a t t r i b u t e  (such as d i s u t i l i t y  o f  

working), which var ies  w i t h  both, t h e  residen- 
t i a l  zone a n d  the  employment s t a t u s ,  

a n  observed a t t r f b u t e  (such as income aeasured 
as wage-fncome i n  the  case o f  b a n d  as n o n -  
wage-income in  the  case o f  b 2 ) ,  t h a t  va r i e s  with 
both, the  employment s t a t u s  a n d  the  workplace 
zone 

an observed a t t r f b u t e  (such as journey-to-work 
t rave l  t f r e )  t h a t  var ies  w i t h  the  r e s i d e n t i a l  
loca t ion  zone, t he  employment s t a t u s  a n d  the  
workplace 1 ocation zone. 

~ g l , O p i , O p : , ? :  u t f l i t y  parameters, whose values a r e  a  p r io r i  
1 

gi ven 

E abc IID Wef b u l l  d i  s t r i  buted random terms. 

In order to  evaluate  the  accurracy o f  the  nested p robab i l i t y  
choice s t ruc tu re s  as approxira t ions  t o  a  simul taneous chofce  
s t r u c t u r e  the  measurements o f  y l 1 a n d  l a r e  defined 

a 'ab 'bc ab c  
as follows: 



and 

T h e  t r u e  p r o b a b i l i t y  c h o i c e  s t r u c t u r e  i s  d e f i n e d  by a  f i x e d ,  but 
a r b i t r a r y  p a r a m e t e r  v e c t o r  

F o r  c o n v e n i e n c e ,  let D  d e n o t e  t h e  s e t  o f  12 e l e m e n t a l  a l t e r n a -  

t i v e s  a v a i l a b l e  at t h e  l o w e s t  level o f  t h e  d e c i s i o n  t r e e s  ( s e e  

fig. 1). U s i n g  ( 3 9 )  t h e  t h e o r e t i c a l  c h o i c e  p r o b a b i l i t i e s  pd( cO) 
w i t h  d  9 a r e  c a l c u l a t e d .  F o r  a  s a m p l e  o f  I' = 10.000 i n d i v i d u a l s  
r a n d o m  u t i l i t y  v a l u e s  a r e  g e n e r a t e d  f o r  e a c h  o f  t h e  1 2  a l t e r n a -  

t i v e s .  T h e  r t e r m s  a r e  o b t a i n e d  by m e a n s  o f  a  s t a n d a r d  r a n d o m  

n u m b e r  g e n e r a t o r  p r o d u c i n g  i d e n t i c a l l y  a n d  i n d e p e n d e n t l y  u n i f o r m  
z e r o - o n e  d i s t r i b u t e d  p s e u d o  r a n d o m  n u n b e r s  t w h i c h  a r e  t r a n s -  

f o r m e d  i n t o  I I D  W e i b u l l  d i s t r i b u t e d  p s e u d o  r a n d o m  n u n b e r s  E a s  

foll o w s  ( s e e  Ziel i n ski, 1 9 7 8 )  



N e x t ,  f o r  each i n d i v i d u a l  o f  t h e  sample  t h e  a l t e r n a t i v e  asso-  

c i a t e d  w i t h  t h e  h i g h e s t  v a l u e  o f  random u t i l i t y  i s  I d e n t i f f e d  i n  

o r d e r  t o  c a l c u l a t e  obse rved  f r e q u e n c i e s  o f  c h o l c e  o f  t h e  sample.  

The e v a l u a t i o n  o f  t h e  m o d e l ' s  p e r f o r m a n c e  i s  based on b o t h ,  t h e  

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

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

t h e o r e t i c a l  f r e q u e n c i e s  o f  c h o i c e .  I n  o r d e r  t o  p r e v e n t  t h e  r e -  

s u l  t s  o f  t h e  a n a l y s i s  f r o m  b e i n g  i n f l u e n c e d  by random f l u c t u a -  

t i o n s  i n  f r e q u e n c i e s  o f  c h o i c e  b e i n g  n o t  r e l e v a n t  f o r  t h e  ques-  

t i o n  c o n s i d e r e d ,  R=30 r e p l l c a t i o n s  a r e  made. 

E s t i m a t e s  o f  t h e  u t i l i t y  p a r a m e t e r s  o f  t h e  simultaneous MNL model 

a r e  o b t a i n e d  by f u l l  i n f o r m a t i o n  maximum l i k e 1  i h o o d  e s t i m a t i o n ,  

whereas t h e  s e q u e n t f a l  maximum l i k e l i h o o d  e s t i m a t f o n  a p p r o a c h  I s  

t a k e n  i n  t h e  case  o f  t h e  n e s t e d  c h o i c e  model v e r s i o n s .  The max i -  

m i z a t i o n  p r o c e d u r e  u t i l i z e d  i s  a  c o m b i n a t i o n  o f  a  Newton-Raphson 

v a r i a b l e  m e t r i c  r o u t i n e  and a  g r a d l e n t  s e a r c h  t e c h n i q u e  a d o p t e d  

f r o m  Uegener and Grae f  ( 1 9 8 2 ) .  T h i s  p r o c e d u r e  u t i l i z e s  t h e  d i f f e -  

r e n t  c h a r a c t e r f s t i c s  o f  t h e  t w o  t e c h n f q u e s .  The g r a d i e n t  s e a r c h  

t e c h n i q u e  g e n e r a l l y  has a  h f g h  p r o b a b i l i t y  o f  conve rgence ,  b u t  

t e n d s  t o  be s l o w  on f l a t  p a r t s  o f  t h e  l i k e l i h o o d  f u n c t i o n .  The 

Newton-Raphson t e c h n i q u e  u s u a l l y  i s  much f a s t e r ,  b u t  may d i v e r g e  

f n  t h e  c a s e  o f  bad s t a r t i n g  p o i n t s .  

P r e s e n t f n g  t h e  r e s u l t s ,  l e t  us  f i r s t  f o c u s  on t h e  q u e s t i o n ,  

w h e t h e r  t h e  s i m u l t a n e o u s  MNL model ( 3 9 )  i s  a b l e  t o  r e p r o d u c e  t h e  

a  p r i o r i  g i v e n  c h o i c e  s t r u c t u r e .  The r a n g e  and t h e  a v e r a g e  o f  t h e  

r e s u l t i n g  ML p a r a m e t e r  e s t i m a t e s  a r e  summarized i n  t a b l e  1. The 

a v e r a g e  v a l u e s  f l t  t h e  t r u e  p a r a m e t e r  v a l u e s  a l m o s t  e x a c t l y .  U i t h  
1  

t h e  e x c e p t i o n  o f  t h e  pi's t h e  m a g n f t u d e s  o f  t h e  3 0  p a r a m e t e r  

e s t i m a t e s  a r e  q u i t e  s t a b l e .  The numbers i n  p a r e n t h e s e s  d e n o t e  t h e  

s t a n d a r d  e r r o r s  o f  t h e  M L - e s t i m a t e s .  

I n  o r d e r  t o  t e s t ,  i f  

- 1  - 1  - 1  - 1  i - ( 0 , .  e,, B 3 ,  e,) 

i s  s t a t i s t i c a l l y  d i f f e r e n t  f r o m  ~0 H o t e l  l i n g ' s  T * t e s t ,  a  genera -  

l l z a t i o n  o f  t h e  c o n v e n t i o n a l  t - t e s t ,  may b e  used.  The T * s t a t i s -  

t i c  i s  d e f i n e d  as 



where Ei d e n o t e s  t h e  e s t i m a t e d  v a r i a n c e - c o v a r i a n c e  m a t r f x  o f  @. 

T h i s  s t a t f s t i c  i s  d i s t r i b u t e d  w i t h  an F  v a l u e :  

w i t h  Q and 1 ' - Q  degrees  o f  f reedom,  where  I' i s  t h e  number o f  

i n d i v f d u a l s  i n  t h e  sample and Q t h e  nunber  o f  p a r a m e t e r s  i n  t h e  

model ( s e e  hnas 1982, 152 ) .  The T ~ - s t a t f s t i c  v a l u e s  f n d i c a t e  t h a t  

t h e  p a r a m e t e r s  e s t i m a t e s  o f  t h e  s i m u l t a n e o u s  MNL model a r e  n o t  

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

t a b l e  1 ) .  

A n o t h e r  t e s t  t o  e v a l u a t e  t h e  a c c u r a c y  o f  t h e  s i m u l t a n e o u s  MNL 

model c o n c e r n s  t h e  m o d e l ' s  a b i l i t y  t o  p r e d f c t  t h e  a c t u a l  c h o f c e s .  

F o r  t h i s  p u r p o s e  t h e r e  i s  a  v a r f e t y  o f  goodness o f  f f t  measures 

a v a i l a b l e ,  s u c h  as t h e  sum o f  s q u a r e d  r e s i d u a l s ,  t h e  sum o f  

s q u a r e d  r e s i d u a l s  w e i g h t e d  b y  e s t i m a t e d  p r o b a b i l i t e s  o r  a d j u s t e d  

by  t h e  t r u e  p r o b a b i l i t i e s ,  t h e  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t  

be tween  o b s e r v e d  and p r e d f c t e d  d a t a  o r  measures based on  t h e  l o g -  

l i k e l i h o o d  f u n c t i o n .  For  a  d i s c u s s f o n  o f  t h e s e  and o t h e r  measures 

see Amemiya (1981 ,  1503-1506),  Domenc ich  and McFadden (1975 ,  122-  

1 2 5 ) .  

I n  t h i s  s t u d y  t h e  'mean a b s o l u t e  p e r c e n t a g e  e r r o r '  s t a t i s t f c  

d e f i n e d  as 

R 
I 1 1 '  - I p d ( ~ O )  1 

R~ = r=1 dEP 
R loo 

i s  used,  where  n i ( 6 )  deno tes  t h e  r e l a t i v e  f r e q u e n c y  o f  a l t e r n a -  

t i v e  d  o b t a i n e d  f r o m  t h e  M L - e s t i m a t e d  s i m u l t a n e o u s  MNL model i n  

t h e  r - t h  r e p l f c a t i o n  and p d ( e o )  t h e  t r u e  c h o i c e  p r o b a b i l i t y  o f  d. 

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

f r o m  t h e  t h e o r e t i c a l  f r e q u e n c i e s  o f  c h o i c e .  

The r e s u l t i n g  K O - v a l u e  o f  t h e  model i s  1 .5606 mean ing  t h a t  t h e  

p r e d f c t e d  f r e q u e n c i e s  i n  t h e  a v e r a g e  d e v i a t e  o n l y  a b o u t  one-and- 

a - h a l f  p e r c e n t  f r o m  t h e  t r u e  ( t h e o r e t i c a l )  f r e q u e n c y .  Thus, t h e  

t r u e  f r e q u e n c y  i s  a l ~ c s t  p e r f e c t l y  r e p r o d u c e d  by t h e  s i n u l t a n e c u s  



2  
model .  C o n s e q u e n t l y ,  b o t h  t h e  T - t e s t  and t h e  K O - s t a t i s t i c  l e a d  

t o  t h e  c o n c l u s i o n  t h a t  t h e  s i m u l t a n e o u s  flNL model p e r f o r m s  ex -  
t r e m l y  w e l l  t o  t h e  a  p r i o r i  d e f i n e d  s i m u l t a n e o u s  c h o i c e  s t r u c t u r e  

s i t u a t i o n .  

Now l e t  us t u r n  t o  t h e  q u e s t i o n  w h e t h e r  t h e  f o u r  n e s t e d  m u l t i n o -  

m i  a1 1 o g i  t r e g i o n a l  1  abour  s u p p l y  m o b i l  i t y  d i  s c r e t e  c h o i c e  model s  

p r o v i d e  good a p p r o x i m a t i o n s  t o  t h e  a  p r i o r i  d e f i n e d  t r u e  p r o b a b i -  

l i t y  c h o i c e  s t r u c t u r e .  The M L - e s t i m a t e s  o f  t h e  u t i l i t y  and i n c l u -  

s i v e  v a l u e  p a r a m e t e r s  o b t a i n e d  b y  t h e  s e q u e n t i a l  N L - p r o c e d u r e  a r e  

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

( s e e  t a b l e  2 ) .  The $ - c o e f f i c i e n t s  a l l  have  t h e  e x p e c t e d  s i g n .  The 
1  1  P 3 -  and $ q - H L - e s t i m a t e s  come r a t h e r  c l o s e  t o  t h e  t r u e  v a l u e s ,  

1  whereas t h e  r a n g e s  o f  t h e  $ and ( j ; - ~ ~ - e s t i m a t e s  a r e  much l a r -  

g e r .  N e v e r t h e l e s s ,  t h e i r  a v e r a g e  v a l u e s  f i t  q u i t e  we1 1, a l r o s t  

p e r f e c t l y  i n  t h e  case  o f  model v e r s i o n s  2  and 4.  T h i s  i n d i c a t e s  

t h a t  t h e  r e s u l t s  a r e  s e n s i t i v e  t o  t h e  sequence o f  t h e  d e c i s i o n s  

even  i f  o c l y  t o  a  r a t h e r  l ow  d e g r e e .  

F u r t h e r m o r e ,  t h e   te test can  b e  a p p l i e d  t o  d e t e r m i n e  w h e t h e r  t h e  

r a x i n u m  1 i k e l  i h o o d  v e c t o r s  o f  t h e  NHNL models d i f f e r  s l g n i f i c a n t -  

l y  f r o n  t h e  t r u e  p a r a m e t e r  v a l u e s .  I n  t h i s  case T~ i s  g i v e n  by  

where in d e n o t e s  t h e  M L - v e c t o r  o f  t h e  n e s t e d  c h o i c e  model v e r s i o n  

n  ( n  = I,.. . , 4 )  and oo"the c o r r e s p o n d i n g  t r u e  p a r a m e t e r  v e c t o r .  

F o r  n  = 1 , 2  t h e  H L - v e c t o r  c o n t a i n s  two ,  f o r  n  = 3 , 4  one i n c l u s i v e  

v a l u e  p a r a m e t e r  e s t i m a t e  i n  a d d i t i o n  t o  t h e  $ - e s t i m a t e s .  @On i s  

d e f i n e d  as f o l l o w s  

( 1 . 5 ,  - 2 . 5 ,  1 . 2 ,  - 0 . 5 ,  0.0, 0.0 for n=l,2 

( 1 . 5 ,  - 2 . 5 ,  1 . 2 ,  - 0 . 5 ,  0 . 0 )  for n=3,4 
( 5 7 )  

The r e s u l t s  o u t l i n e d  i n  t a b l e  3 c l e a r l y  d e m o n s t r a t e  t h a t  t h e  T~ 

t e s t  does n o t  r e j e c t  t h e  r o d e l s  as a p p r o x i m a t i o n s  t o  t h e  t r u e  

s i m u l t a n e o u s  c h o i c e  s t r u c t u r e .  The i n c l u s i v e  p a r a m e t e r  e s t i m a t e s  

do n o t  s i g n i f i c a n t l y  d i f f e r  f r o n  z e r o .  

The mean a b s o l u t e  p e r c e n t a g e  e r r o r  s t a t i s t i c  K o a s  a  measure  o f  

t h e  p r e d i c t i o n  p e r f o r m a n c e  o f  t h e  n e s t e d  c h o i c e  mode ls  c a n  be 

d e f i n e d  i n  a  way ana logous  t o  (55), w i t h  t h e  r e l a t i v e  f r e q u e n c i e s  



o f  c h o i c e  o f  t h e  M L - e s t f m a t e d  s f m u l t a n e o u s  model r e p l a c e d  by t h e  

c o r r e s p o n d f  ng r e 1  a t f  ve f r e q u e n c f e s  o f  c h o i c e  o b t a f  ned f r o m  t h e  
r  -n H L - e s t f m a t e d  NMNL mode ls ,  f . .  n i ( i )  by n d ( r  ) .  The s t a t f s t i c s  

summarized f n  t a b l e  3  d e m o n s t r a t e  t h e  h f g h  p r e d i c t f o n  p e r f o r m a n c e  

o f  t h e  models.  From b o t h  a s p e c t s ,  t h e  s t a t i s t i c a l  r e l f a b f l f t y  o f  

t h e  p a r a m e t e r s  and t h e  p r e d f c t f o n  pe r fo rmance ,  a l l  f o u r  n e s t e d  

models can  b e  c o n s f d e r e d  as g e n e r a l l y  a c c e p t a b l e  a p p r o x i m a t f o n s  

t o  t h e  t r u e  s i m u l t a n e o u s  p r o b a b f l i t y  c h o i c e  s t r u c t u r e .  The two-  

l e v e l  n e s t e d  c h o f c e  mode ls  a r e  s l i g h t l y  p r e f e r a b l e  t o  t h e  t h r e e -  

l e v e l  n e s t e d  ones.  O v e r a l l  c o n s f d e r e d  model 4 a p p e a r s  t o  be t h e  

most a p p r o p r f  a t e  a p p r o x i  mat f  on. 

0 
The K - s t a t i s t f c  can  be m o d i f i e d  i n  o r d e r  t o  compare t h e  p r e d i c -  

t e d  c h o i c e s  o f  t h e  NMNL mode ls  w i t h  t h o s e  o b t a i n e d  f r o m  t h e  

s i m u l t a n e o u s  WNL model .  The m o d f f i c a t f o n  f s  as f o l l o w s :  The 
r -  

f r e q u e n c i e s  o f  t h e  s f m u l  t a n e o u s  model ,  1.e. ' n d ( r )  a r e  r e p l a c e d  
r  -n 

by t h o s e  o f  t h e  n e s t e d  v e r s f o n ,  f . e .  I t n d ( @  ) ,  w h i l e  t h e  t h e o r e -  

t i c a l  f r e q u e n c i e s ,  i. e. I ' p d ( @ O ) ,  a r e  s u b s t i t u t e d  by t h e  f r e q u e n -  
r -  

c i e s  c o n p u t e d  f r o m  t h e  s f m u l t a n e o u s  model, f  .e .  ( )  T h f s  
1 

s t a t f s t f c  may be t e r m e d  K . The r e s u l t s ,  o u t l i n e d  i n  t a b l e  3, 

f n d i c a t e  t h a t  t h e  n e s t e d  mode ls  a r e  good a p p r o x i m a t f o n s  t o  t h e  

s f  mu1 taneous  one. 

I t  i s  w o r t h w h i l e  t o  m e n t i o n  t h a t  t h e  i n d e p e n d e n t  as  w e l l  as 

sequen t1  a1 r e g i o n a l  1  abour  s u p p l  y  mobf 1  i t y  d i s c r e t e  c h o i c e  model s  

can by no means be c o n s i d e r e d  as a c c e p t a b l e  s i m p l i f i c a t i o n s  o f  

t h e  t r u e  p r o b a b i l i t y  c h o f c e  s t r u c t u r e  f n  cases  where  a  s f m u l t a -  

neous c h o f c e  s t r u c t u r e  i s  v a l i d .  T h f s  i s  n o t  v e r y  s u r p r i s i n g  f r o m  

a  m e t h o d o l o g i c a l  p o f  n t  o f  v i ew .  

4. SUMMARY A& CONCLUSIONS 

T h f s  paper  a t t e m p t s  t o  e l a b o r a t e  t h e  t h e o r y  o f  a d d i t i v e  u t i l f t y  

m a x i m i z i n g  random u t i l i t y  d i s c r e t e  c h o i c e  b e h a v i o u r  i n  t h e  con-  

t e x t  o f  r e g i o n a l  l a b o u r  s u p p l y  m o b i l i t y .  F r o n  a  c h o i c e  t n e o r e t i c  

p o i n t  o f  v i e w  r e g i o n a l  l a b o u r  s u p p l y  i s  c o n s i d e r e d  as  t h e  r e s u l t  

o f  a  s e r i e s  o f  d e c i s i o n s .  S p e c i f i c  emphasis f s  l a f d  upon t h r e e  

t y p e s  o f  r e g f  o n a l  1 abou r  s u p p l  y  n o b i  1  f  t y ,  name1 y  on employment  

s t a t u s  d e c i s i o n s  ( n o n - s p a t i a l  d i s c r e t e  c h o i c e ) ,  on w o r k p l a c e  and 

on r e s f  d e n t i a l  1 o c a t f  on d e c i s f  ons ( s p a t i a l  d i s c r e t e  c h o i c e s ) .  

E v i d e n t l y ,  t h e s e  t h r e e  c h o i c e s  a r e  i n t e r r e l a t e d .  A c c o r d i n g  t o  t h e  

n e o c l a s s i c a l  t h e o r y  o f  r a t i o n a l  b e h a v i o u r  t h e y  have t o  be t r e a t e d  

as t o  be s i s u l t a n e o u s l y  t a k e n .  



Since i n  empirical a p p l  ications siaul taneity often becomes unma- 

nageable due to large numbers of alternatives, i t  is both intere- 
sti ng and useful to determine the effects of choosing alternative 

probability choice structures (such as recursive sequential 
structures) i n  a situation, where a simultaneous one m a y  be 

valid. This analysis is carried out i n  the multinomial logit 

framework and evidence is presented with respect to three-level 

and two-level nested 1 i near-i n-parameter m u 1  t i  nomi a1 1 ogi t mo- 

dels. I n  order to evaluate whether these nested probability 

choice structures provide good approximations to an a priori 

given sf m u 1  taneous structure 30 rep1 ications of the fol low1 ng 

approach are carried out: For a sample of 10.000 individuals IID 
Ueibull distributed randor nutnbers are generated. Random u t i l i -  
ties and true choice probabilities for each of 12 elemental 
a1 ternatives are calculated using a priori given uti 1 1  ty parame- 
ter values and observations. Given this sample (with 30 replica- 
tions) the utility and the inclusive value parameters of the 

nested logit model versions are estimated b y  the sequential ML- 
estimation approach. The results obtained are presented i n  terms 

of range, average and standard error of the ML - estimates. 
Hotelling's hot test is applied to determine, if the parameter 

estimates differ significantly from their true values. The mean 
absolute percentage error statistic is used to measure the mo- 

del's prediction performance. Both tests clearly indicate that 
the nested choice model versions appear to be generally acceptab- 

le approximations to the true siaul taneous structure, whereas 
neither the independent nor the sequential m u 1  tinonial log1 t 

model versions can be considered as acceptable si mpl i f  icati ons. 

A clear implication of these results is to use nested multinonial 

logit models instead of independent or sequential ones i n  situa- 
tions where a simultaneous structure might be v a l i d ,  but is 

computational 1 y unmanageable. Then the effects of simp1 i f  i cation 
generally can be kept rather small. There is also some weak 
evidence that two-level nested models are preferable to three- 

level nested approximations i n  the context of regional labour 

s ~ p p l  y mobi 1 f ty. 



REFERENCES 

Aaen iya ,  T. ,  ' Q u a l i t a t i v e  r e s p o n s e  mode ls :  A s u r v e y ' ,  J o u r n a l  of 

E c o n o n i c  L i t e r a t u r e ,  v o l .  1 9  ( 1 9 8 1 ) ,  pp. 1483-1536. 

Anas, A . ,  R e s i d e n t i a l  L o c a t i o n  H a r k e t s  and Urban T r a n s p o r t a t i o n .  

Economl c  T h e o r y .  Econoae t r i cs ,  a d  P o l i c y  Ana l  y s i s  w i t h  

D i s c r e t e  C h o i c e  Models,  Academic P r e s s ,  New York  e t  a l . ,  

1982. 

Bahrenberg ,  G. ,  F i s c h e r ,  M. M. and N i  jkamp, P. ( e d s .  ) Recen t  

Deve lopmen ts  In S p a t i a l  D a t a  A n a l y s i s :  M e t h o d o l o q y ,  Measure-  

ment,  Model s, Gower, A l d e r s h o t ,  1984 ( i n  p r e s s ) .  

Baumann, 3 .  H., F i s c h e r ,  M. H. and S c h u b e r t ,  U., ' M u l t i r e g i o n a l  

l a b o u r  m a r k e t  m o d e l l i n g  and r e g i o n a l i z a t i o n :  Some f u r t h e r  

r e s u l t s ' ,  Paper  p r e s e n t e d  a t  t h e  2nd W o r l d  C o n f e r e n c e  o f  

R e g i o n a l  S c i e n c e ,  Ro t te rdam,  1984.  

C o s s l e t t ,  S .  R . ,  ' E f f i c i e n t  e s t i m a t i o n  o f  d i s c r e t e  - c h o i c e  mo- 

d e l s ' ,  i n :  Mansk i ,  C. F. and McFadden, D. (eds .  ) ,  A n a l y s i s  

of D i s c r e t e  D a t a  w i t h  E c o n o m e t r i c  A p p l i c a t i o n s ,  H I T  P r e s s ,  

C a n b r i d g e  (Mass.  ) and London, 1981,  pp. 51-111. 

Daganzo, C . ,  Mu1 t i n o m i a l  P r o b i t .  The Theory  and i t s  App l  l c a t l o n  

to Demand F o r e c a s t 1  nq, Academic P r e s s ,  New York  e t  a l . ,  

1979. 

Daganzo, C . ,  B o u t h e l l e r ,  F. and S h e f f i ,  Y. ,  'Mu1 t i n o m i a l  p r o b i t  

and qua1 i t a t 1  ve c h o i c e :  A c o m p u t a t i o n a l  l y  e f f i c i e n t  a l g o -  

r i  t h n ' ,  T r a n s p o r t a t i o n  Sc ience ,  v o l .  11 ( 1 9 7 7 ) ,  pp. 338-358. 

Donenc ich ,  T. A . ,  and Mcfadden,  D., U rban  T r a v e l  Demand: A, 
B e h a v i o r a l  A n a l y s i s ,  N o r t h - H o l l  and, Amsterdam and Amer i can  

E l s e v i r ,  New York,  1975. 

E v e r s ,  G. H.  M .  and van d e r  Veen, A . ,  ' A  t h e o r e t i c a l  f ramework  

f o r  a n a l  y s i  ng l a b o r  s u p p l y - m o b i l  i t y :  An app l  i c a t i o n  o f  spa-  

t i a l  d i s c r e t e  c h o i c e  model l i n g ' ,  Paper  p r e s e n t e d  a t  t h e  2 3 r d  

European Congress  o f  t h e  R e g i o n a l  S c i e n c e  A s s o c i a t i o n ,  P o i -  

t i e r s ,  1983.  

F i  s c h e r ,  M.  PI. and N i  jkamp, P . ,  ' Exp l  a n a t o r y  d i s c r e t e  s p a t i  a1 

d a t a  and c h o i c e  a n a l y s i s :  A s t a t e - o f - t h e - a r t  r e v l e w ' ,  Re- 

s e a r c h  Memorandum, Depar tmen t  o f  Economics,  F r e e  U n i v e r s i t y ,  

Amsterdam, 1984.  



Hensher,  D. A .  and Johnson,  L .  U., App l  f e d  D i s c r e t e - C h o i c e  Mode l -  

l i n q ,  C r o o s  Helm, London and U i l e y ,  New York ,  1981. 

H o r o w i t z ,  J., ' T h e  a c c u r a c y  o f  t h e  m u l t i n o n i a l  l o g i t  model as an 

a p p r o x i  m a t i o n  t o  t h e  mu1 t i  nomi a1 p r o b i  t model o f  t r a v e l  

demand, T r a n s p o r t a t i o n  Research ,  v o l .  14  B  ( 1 9 8 0 ) ,  pp. 331- 

341. 

Horowi  t z ,  J., ' I d e n t i f i c a t i o n  and d i a g n o s i s  o f  spec1 f i c a t i o n  

e r r o r s  i n  t h e  mu1 t i n o m i a l  l o g i t  model ' ,  T r a n s p o r t a t i o n  R e -  

s e a r c h ,  v o l .  1 5  B  ( 1 9 8 1 ) ,  pp. 345-360. 

I s s a e v ,  B . ,  S n i c k a r s ,  F., N i  jkamp, P .  and R i e t v e l d ,  P . ,  M u l t i r e -  

g i o n a l  Economic Model i nq: P r a c t i c e  and P r o s p e c t ,  N o r t h -  

H o l l a n d ,  Amsterdam, New York  and O x f o r d ,  1982. 

Leonard1  , G., ' A  c h o i  c e - t h e o r e t i  c a l  f ramework  f o r  househo l  d   obi - 
l i t y  and e x t e n s i o n s ' ,  i n :  F i n a l  R e p o r t  o f  t h e  Research  

P r o j e c t  on F e a s i b i l i t y  A n a l y s i s  of S t u d i e s  on T r a n s p o r t -  

L o c a t i o n  I n t e r a c t i o n s ,  Rome, N a t i o n a l  Counc i  1, 1983. 

Maddala, G. S . ,  L i m i t e d  Dependent  a- Q u a l i t a t i v e  V a r i a b l e s  

E c o n o m e t r i c s ,  Cambr idge U n i v e r s i t y  P r e s s ,  Cambr idge e t  a l . ,  

1983. 

M a i e r ,  G. and S c h u b e r t ,  U., ' S t r u k t u r  und P r o b l e m e  o k o n o m e t r i -  

s c h e r  i n t e r r e g i o n a l e r  A r b e i t s m a r k t m o d e l l e  - m i  e i n i g e n  

ausgewahl  t e n  E r g e b n i  ssen  f u r  U s t e r r e i c h '  , i n :  B a h r e n b e r g ,  G. 

and F i s c h e r ,  M. M. ( e d s .  ) T h e o r i e  und q u a n t i t a t i v e  M e t h o d i k  

~ d e r  G e o q r a p h i e ,  Bremen, U n i  v e r s f  t y  o f  B r e ~ e n  p r e s s ,  1984 

( i n  p r e s s ) .  

N a n s k i ,  C .  F. and McFadden, D . ,  ' A l t e r n a t i v e  e s t i m a t o r s  and 

sample  d e s i g n s  f o r  d i s c r e t e  c h o i c e  a n a l y s i s ' ,  i n :  P lanski ,  C .  

F. and McFadden, D. ( e d s .  ) ,  S t r u c t u r a l  A n a l y s i s  of D i s c r e t e  

D a t a  w i t h  E c o n o m e t r i c  A p p l i c a t i o n s ,  M I T  P r e s s ,  Cambr idge 

(Mass. ) and London,  1981, pp. 2-50. 

McFadden, D. ,  ' C o n d i t i o n a l  l o g i t  a n a l y s i s  o f  q u a l i t a t i v e  c h o i c e  

b e h a v i o u r ' ,  I n: Zarembka, P. (ed .  ) ,  F r o n t i e r s  in Economet- 

r i c s ,  Academic P r e s s ,  New York  and London,  1974,  pp. 105- 

142.  

McFadden, D . ,  ' M o d e l l i n g  t h e  c h o i c e  o f  r e s i d e n t i a l  l o c a t i o n ' ,  i n :  

K a r l q v i s t ,  A . ,  L u n d q v i s t ,  L . ,  S n i c k a r s ,  F. and U e i b u l l ,  J. 

U. ( e d s .  ) ,  S p a t i a l  I n t e r a c t i o n  Theory  and P l a n n i n q  Mode ls ,  

N o r t h  H o l l  and, Amsterdam, 1978,  pp.  75-96.  



McFadden, D . ,  ' Q u a l i t a t i v e  n e t h o d s  f o r  a n a l y s i n g  t r a v e l  b e h a v i o u r  

o f  i n d i v i d u a l s :  Some r e c e n t  d e v e l o p n e n t s ' ,  i n :  Hensher ,  D. 
A .  and S t o p h e r ,  P .  R .  ( e d s . ) ,  B e h a v i o u r a l  T r a v e l  R o d e l l i n q ,  

Croom H e l a ,  London,  1979, pp. 279-318.  

McFadden, D . ,  ' E c o n o m e t r i c  models o f  p r o b a b i l i s t i c  c h o i c e ' ,  i n :  

H a n s k i ,  C. F. and McFadden, D. ( e d s .  ) ,  S t r u c t u r a l  A n a l y s i s  

of D i s c r e t e  D a t a  w i t h  E c o n o m e t r i c  A p p l i c a t i o n s ,  H I T  P r e s s ,  

Cambr idge  (Mass.  ) and London, 1981, pp. 198-272.  

S t o p h e r ,  P .  R .  and Heyburg ,  A. H . ,  ' B e h a v i o u r a l  t r a v e l - d e m a n d  

model s ' ,  i n :  S t o p h e r ,  P.  R .  and Meyburg,  A. H., B e h a v i o u r a l  

T r a v e l  -Demand Model s, L e x i n g t o n  Books,  L e x i  n g t o n  and Toron-  

t o ,  1976,  pp.  3-53. 

Timmermans, H. J. P., ' D e c i s i o n  models f o r  p r e d i c t i n g  p r e f e r e n c e s  

among m u l t i a t t r i b u t e  c h o i c e  a l t e r n a t i v e s ' ,  i n  Bahrenberg ,  

G . ,  F i s c h e r ,  R. H. and N i  jkamp, P. (eds .  ) ,  Recen t  Deve lop -  

ments S p a t l a l  D a t a  A n a l y s i s :  R e t h o d o l o q ~ ,  f l e a s u r e r e n t .  

Model s ,  Gower, A l d e r s h o t ,  1984, pp. 337-354.  

Uegener,  M .  and Grae f ,  F., ' E s t i m a t i n g  m u l t i a t t r i b u t e  s p a t i a l  

c h o i c e  model s t ,  UP-82-93, I n t e r n a t l o n a l  I n s t i t u t e  f o r  Ap- 

p l i e d  Systems A n a l y s i s ,  Laxenburg ,  1982.  

Z i e l  i n s k i ,  R . ,  E r z e u s u n g  van Z u f a l l  s z a h l e n :  P r o q r a a m i e r u n q  und 
T e s t  au f  D i  q i  t a l  r e c h n e r n ,  VEB F a c h b u c h v e r l  ag, L e i p z l g ,  1978. 



FIGURES AND TABLES ------------------ ------------------ 







'r
a

l~
le

 2
: 

T
h

e 
e

f
f

e
c

t
s

 o
f

 n
e

st
e

d
 p

r
o

b
a

b
il

it
y

 c
h

o
ic

e
 s

tr
u

c
tu

r
e

s
 u

p
on

 
p

a
ra

m
et

er
 

e
s

ti
m

a
te

s
: 

a
 

R
a

n
g

e,
 

a
v

e
r

a
g

e
 

a
n

d
 s

ta
n

d
a

r
d

 e
r

r
o

r
 

(s
a

m
p

le
 s

iz
e

 I
 ' 

=
 

1
0
0
0
0
, 

R
 

=
 

3
0

) 

+
L

e
v

e
l 

N
e

st
e

d
 V

e
r

si
o

n
s 

2
-L

e
v

e
l 

N
e

st
e

d
 V

e
r

si
o

n
s 

P
a

ra
m

et
er

 
N

M
N

L
-M

od
el

 
1 

N
M

N
L

-M
od

el
 

2 
N

M
N

L
-M

od
el

 
3 

N
M

N
L

-M
od

el
 

4 

rrr
ax

 
m

an
 

m
in

 
nr

ax
 

m
a
n
 

m
in

 
nr

ax
 

m
a
n
 

m
in

 
~

l
l
i
l
~

 m
a
n
 

m
in

 

a
 s
ta
nd
ar
d 

er
ro

rs
 i

n
 -

th
es

es
 



T
a
b

le
 

3
: 

T
h
e 

e
f
f
e

c
ts

 o
f 

n
e
s
te

d
 
p

ro
b

a
b

il
it

y
 

c
h

o
ic

e
 
s
tr

u
c

tu
r
e

s
 u

p
o
n
 

p
a
ra

m
e
te

r 
e

s
ti

m
a

te
s
: 

~
e

l
i
a

l
l
i
l
i
t
y

~
a

n
d

 
p

re
d

ic
ti

o
n

 
p

e
rf

o
rm

a
n

c
e
b

 
(s

a
m

p
le

 s
iz

e
 I
' 

=
 
1
0
0
0
0
,
 
R 

=
 
3
0
)
 

3
-L

e
v
e
l 

N
e
st

e
d

 
V

e
rs

io
n

s 
2
-L

e
v
e
l 

N
e
st

e
d

 
V

e
rs

io
n

s 
N

M
N

L
-M

od
el
 

1 
N

M
N

L
-M

od
el
 
2
 

N
M

N
L
-M

od
el
 
3
 

N
M

N
L
-M

od
el
 

4 

p
a
ra

m
e
te

r 
r
e

li
a

b
il

it
y

a
 o

f 
th

e
 
p

a
ra

m
e
te

r 
e

s
ti

m
a

te
s
 

0
.
0
2
3
 

0
.
0
2
1
 

0
.
3
9
6
 

0
.
0
8
1
 

p
re

d
ic

ti
o

n
 
p

e
rf

o
rm

a
n

c
e
 b

 

K
O

 
1
.
8
8
9
0
 

1
.
8
3
0
1
 

1
.
7
0
1
9
 

1
.
6
9
1
9
 

K' 
0
.
9
9
1
6
 

0
.
9
2
 3
0
 

0
.
5
8
4
4
 

0
.
5
3
8
2
 

L
og

 
li

k
e

li
h

o
o

d
 

2 
1
9
0
2
 

2
1
9
0
2
 

2
1
9
0
3
 

2
1
9
0
3
 

a
 
m

e
a
su

re
d
 

in
 t

e
rm

s 
o

f 
th

e
 
T
~
 
s

t
a

t
i
s

t
i
c

 
0
 

m
e
a
su

re
d
 

i
n

 t
e
rm

s 
o
f 

th
e

 
K 

an
d
 
K
1
 s

ta
ti

s
ti

c
s

 


