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SUMMARY

In th is  paper we d iscu ss  the main c a l ib r a t io n  resu lts  o f  the r e s id e n t ia l  l o c a ­
t ion  submodel which i s  part o f  a comprehensive simulation model, now being a p ­
p l ie d  to the Turin m etropolitan  area. The th e o r e t ic a l  structure  and the procedu­
re fo r  the c a l ib r a t io n  o f  the sim ulation  model were described  at the Airo Confe­
rence in 1982.

Building upon these re su lts  we propose both the methodological and operational 
developments fo r  th is  re s id e n t ia l  lo ca t io n  submodel.

Further re s u lt s  obtained from te s t in g  some o f  the suggested developments are a l ­
so presented.
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1. Introduct ion

In th is  paper we d iscu ss  the main c a l ib r a t io n  re s u lt s  o f  the r e s id e n t ia l  l o ­

ca t ion  submodel which i s  part o f  a comprehensive sim ulation  model now being ap­

p l ie d  to  the Turin m etrop o litan  area.

The th e o r e t i c a l  s tru c tu re  and the c a l ib r a t io n  procedure o f  the sim ulation  model, 

as w e l l  as some r e s u l t s  o f  s im ulation  experiments were presented at the A iro  Con 

feren ce  in  1982 (B e r tu g l ia ,  G a l l in o ,  Gualco, O c c e l l i ,  Rabino, Salomone, Tadei, 

1982a).

Here, we mainly fo cu s  on the r e s id e n t ia l  lo c a t io n  submodel, as at th is  stage , 

i t  is  thecne which c r e a te s  the most d i f f i c u l t  but most stim ulating c a l ib r a t io n  

problems both from the th e o r e t i c a l  and opera t ion a l po in ts  o f  view.

In the fo l lo w in g  s e c t io n s  the m ethodologica l and opera t ion a l d i r e c t io n s  fo r  

development o f  the submodel are put forward and the r e s u lt s  o f  the in v es t ig a  

t io n  o f  some o f  these a l te r n a t iv e s  are presented.

2. Characteristics and problems in calibrating the residential location submodel

2 .1 .  Structure o f  the r e s id e n t ia l  lo c a t io n  submodel

In order to c l a r i f y  the fo l lo w in g  d is cu ss io n ,  we r e s ta te  the a n a ly t ic a l  

s tru ctu re  o f  the r e s id e n t ia l  l o c a t io n  submodel. To s im p l i fy  the n o ta t ion  we 

omit the in d ice s  r e la t i v e  to zones ( i , j  = 1 ,9 9 ) ,  fam ily  type ( f  = 1 ,8 ) ,  hou­

sing type (s  = 1 ,6 ) ,  in d u s tr ia l  and se rv ic e  se c t ion s  ( t  = 1 ,4 ,  1 = 1)and tran 

sport mode (v  = 1 ,2 ) .  Let us de fin e

0 t o t a l  number of jobs ( c a lc u la te d  in the industry and se rv ic e  submodels);
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�G�>�-�!�-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �������� �� �� �� �� �� �� �	 �� �� �� �� �� ���	���� �� �� �� �D�� �� �� �� �� �� �� �� ��

�� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �� �/ �� �� �� �D�� �	 �� �������	�� ���3�� �� �� �� �� �� �3 �� �� �3 �� �� �1 �"

������������ �/ �$ �1�� �/ �, �1�� �� �� �� �� �� �� �� �� �� ���	�� �� �� �� �� �� �3 �� �� �� �� �� �� �� �� �� ���� �� �� �� �	 ������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������ �� �� �D �� �� �3 ��

������ �� �� �	 �� �� ���	�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �	 �E �� ���������� �� �� �� �� �� �	 �� ���� �� �� � �� �� �� �� �� �� �� �� �� �� �3 �� �� �� �� �� �� ��

�������	�� �� �. �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �����������	�� �� �� ���� �� �� �� �� �"

���	�� �� �� �� �� �� �����3���� �� �� �� �� �� ���������� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���� �� �� �� �� �� �� �� �� �D�� �� ���� �� �� �� �� �� �� �� �	 � �� ���������������������� �� ��

���������	���� ���	���� �� �� �� �� �� �3�� �� �� �� �� �J �� �� �� �� �� �� �� �� �� �� �� �� ������ �� ���	�� �������� �� �� �� �� �� �� �� �	 �� �� �� �� �����������	�� �������� �� �� �� �� �� ���	����

�������� �� �. �� �� �� �� �� �� �� �� �� �� �� �� �� �3 �� �� �� �� �� �� �� �� �� �� �� �� �"

���� �� ���� � ���� �� �� �� �������� �� �� �� �� �� �� �� �	 �� �� �� �� �� �	 �� �� �� �� �� ���� ������ �/ �$�1�� �B �� �/ �, �1�� �� �� �� � �� �� �� �	 �� �� �	 �� �� �� � �" �� �$�"

�������	��

Industry and service 

submodels

Transportation

submodel

Housing and land-use 
submodels

�) �� � �� �� �� �� �$�� �B �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �	 �� ����������������
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I t  can be seen that the r e s id e n t ia l  d is t r ib u t io n  o f  fa m il ie s  depends on two 

main f a c t o r s :  a s p a t ia l  fa c t o r  (d is ta n ce  fu n ct ion )  and a fa c to r  measuring fam ily 

w elfare  ( fu n c t io n  o f  the u t i l i t y  d i f f e r e n t i a l s ) .

The r e la t iv e  importance o f  these fa c to r s  and thus the l e v e l  o f  c o m p e t i t iv i -

ty which is  l i k e l y  to  e x is t  between them is  expressed by the parameters TETA 

and CSI.

In a d d it ion ,  fam ily  u t i l i t y  depends, among other fa c t o r s ,  on the r e s id e n t ia l  

a c c e s s i b i l i t y  ¿ f r o m  e q . (1 )J / ,  the exponentia l term o f  which appears a lso  in  the 

d i s t r ib u t io n  fu n c t io n  o f  DPOTO Z eqs. (4 ) -  (5) J .

2 .2 .  The c a l ib r a t i o n  procedure

The methodology f o r  the c a l ib r a t i o n  o f  the r e s id e n t ia l  l o c a t io n  submodel 

was based on the maximum l ik e l ih o o d  p r in c ip le  which is  discussed in B e r tu g l ia ,G a l -  

l i n o ,  G ualco, O c c e l l i ,  Rabino, Salomone, Tadei (1982b). According to this p r in c ip le  

two equations o f  maximum l ik e l ih o o d  f o r  TETA and CSI, FTETA and FCSI respective^ 

l y ,  were derived  and reso lved  using a Newton-Raphson estim ation  procedure.

The s o lu t io n  o f  FTETA and FCSI i s  given so lv in g  the system

-FTETA
8FTETA e 3FTETA e
-------- 1 + -------- 2
3TETA 3CSI

3FCSI 
-FCSI = -3TETA

e 3FCSI1 + ---------
��������

���� ��

( 7)

where FTETA and FCSI are d e fin ed  as
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�G �� �� �� �� �� �� �	 �� �� �� �. �� �� �� ���� �� �	 �� �� �� ���������� �������	�� �����	�� �� �� �� �� �� �	 �� ���� �����J�����	 ������ �� �� �� �� �. �� �� �� �� �� �� �	 �� ������������

���	�� �� �� �� �� �� �� �� �� �� �� �� �	 � �"

�� �� �� ���	�� �� �. �� �� �� �� �� �� �	 �� �� �� �� �� �� �� � �� �� �� �	 �� �� �� �� �� �� �� �	 � �� �� �� �� �� �	 �� �� �� �� �	 �� �� �� �� �� �� �� �� �	 �� ���� �� �� �� �� �� �� �������� �� �� �	 �� �� �� ��

� �� �	 �� �� �� �� �� �� �� �� �. �� �� �� ���� �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �	 � �� �!�@�!���� ���	���� �#������ �/���	���� �� �� �� �	 �� �� �� �� �� �3 �� ���� ���	� ���	� ��

�#�8�2���� ���	���� �#�8�?���1�"

�� �� �� �������� �� �� �	 �� �� �� � �� �	 �� �� �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �������� �� �� �� �� �� �� �� �� �� �� �)�!�@�!���� ���	���� �)�#������ �� ������ �	 �� �� �� ��������

�� �� �� �� �� �	 �� �� �3 �� �� �� �� ������ ���� �	������ �� �. �� �� �� ���� �� �	 �� �� �� �� �� �� �� �� �� �	 �� �� �"

�!������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �!�@�!���� ���	���� �#�������� ���������� �������	���� �� �� �� �� �� �� �� �� � �� �� �� �� �. �� �� �� ���� �� �	 �� �� �"�� �@�������� ���.��

���������� ���	 ���� �� �� �	 �� �� �� �� �� �� �� �� �� �� �������� �	������������ �� �� �� �����	���� � �� �� �� �	 �� ���3�� �� �� �� �� �� �� �� �� �� �� �� �������� �� �� �� �� �� �� �� �� �� ��

�#�8�2���� ���	���� �#�8�?���� �� �� �� �� �� �� �� ���	 �� �� �� � �" �� �*�� �/�@�	 �� �1�"

������ ���������	�� �� �	 �� �� �� � �" �� �* �� �� �� �� �� �� �� �� �5�� ������ �� �	 ���� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �!�@�!���� ���	���� �#������ �� �� �� �����5��

�������������� �� �� ���	 ���3�� �� �� �� �� �	 � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �. �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �������������	���	� �� �� �� �� �� �� �� �	 �� �� �� �� �� �3 �� ���	��

�������	� ������ �� �	 �� �� �� �� �� �� �� �� �� �� �� �� �	 � �� �� �	 �� �� �" �� �2���������������� �� �	 �� �3 �� �� �	 �� �������� ����� �������� �� �. �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� ��������

�)�!�@�!���� ���	���� �)�#������ �� �� �� ���� �. ���� �� ���� �� �� �� �� �� �4 �� �� �� �� �� �� �� �� �� �"

������ ������������ �� �� �� �� �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� �� ���� �� �� �� �� �� �� �� �� �� �	 �� �� �� �������������	�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���	����

�� �� �� �� �� �� �� �� �� �G�>�-�!�-�� ������ �� �� �� �� �	 �� �� �� �� �	 �� �� �J �"�� �/ �$ �$ �1 �� �� �� �	 �� �� �� �� �� �� �� �� �� �	 �� �� �� �� �� �� �� �� �� ���.�� �������� ���	 ������ �/ �� �� �� �� �� ��

�� �	 � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���� �� �� � �� �� �� �	 �� �� �� �� �� �� �� �� �� �� �� �1 �"
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Figure 4 -  Percentage d i f f e r e n c e  between the pred ic ted  and the observed DP0T0 
fo r  the zones in  the c i t y  o f  Turin
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Building upon the re s u lt s  o f  the c a l ib r a t io n  operations the th e o re t ica l  

and o p era t ion a l  developments f o r  th is  submodel were h ig h lig h ted .

F in a l ly ,  in d is cu ss in g  the f i r s t  outcomes o f  the tested  a lte rn a tiv e  there 

emerged a f e e l in g  that improvements o f  th is  submodel c a l ib r a t io n  w i l l  need an 

accurate matching between the th e o r e t ic a l  and op era t ion a l developments which 

cou ld  be c a r r ie d  out
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