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PREFACE 

S ince  1979, t h e  Regiona l  ~ e v e l o p m e n t  Group a t  IIASA has  

been engaged i n  a  c a s e  s t u d y  o f  economic and demographic deve lop-  

ment ,  l and-use ,  and r e l a t e d  problems i n  t h e  r e g i o n  o f  sou thwes te rn  

~ k a n e  i n  Sweden. The c a s e  s t u d y  i s  t h e  t h i r d  i n  a  s e r i e s  o f  

a t t e m p t s  made by t h e  Reg iona l  Development Group t o  app l y  sys tems 

a n a l y t i c  methods t o  r e g i o n a l  p l ann ing  problems i n  r e g i o n s  w i t h  

d i f f e r e n t  economic s t r u c t u r e s ,  r e s o u r c e  endowments and o rgan i za -  

t i o n a l  s e t t i n g s .  

The r e s e a r c h  i n  t h e  Swedish c a s e  s t u d y  h a s  been done i n  c o l l a -  

b o r a t i o n  w i t h  t h e  I n t e r m u n i c i p a l  A s s o c i a t i o n  o f  Southwest  ~ k g n e  a s  a  

p a r t  of  t h e i r  o n g o i n g w o r k  i n  p h y s i c a l  and p u b l i c  t r a n s p o r t  p l an -  

n i n g  f o r  t h e  m e t r o p o l i t a n  r e g i o n  o f  Malm6, and i t s  ne ighbo r i ng  

m u n i c i p a l i t i e s .  The r e s e a r c h  has  been p a r t l y  sponsored  by t h e  

Swedish Counc i l  f o r  Bu i l d i ng  Research.  

I n  t h e  c a s e  s t u d y  an  i n t e g r a t e d  sys tems a n a l y t i c  package o f  

models i s  used which h a s  been deve loped w i t h i n  t h e  Reg iona l  Deve- 

opment Group i n  c o o p e r a t i o n  w i t h  a  group o f  Swedish r e s e a r c h e r s  

and p l a n n e r s .  I n  t h a t  package,  s e p a r a t e  models have been deve l -  

oped f o r  i n t e r r e g i o n a l  economic and demographic prob lems,  and f o r  

i n t r a r e g i o n a l  land-use prob lems.  



A s  a  p a r t  of  t h e  Swedish c a s e  s t u d y ,  t h e  ISP ( I n t e r a c t i v e  

S p a t i a l  P lann ing)  sys tem was developed t o  a s s i s t  i n  t h e  d e s i g n  

and s tudy  o f  land-use p lann ing  o p t i o n s .  The ISP system r e p r e -  

s e n t s  a  d e p a r t u r e  from many l a r g e - s c a l e  p l a n n i n g  models, i n  t h a t  

it i s  des igned  t o  be used by t h e  p l a n n e r s  themse lves .  P lann ing  

o p t i o n s  and p o l i c i e s  can  be i n t e r a c t i v e l y  d e f i n e d  i n  t h e  system 

and t h e  consequences q u i c k l y  determined and s t u d i e d  through t h e  

u s e  o f  computer g r a p h i c  d i s p l a y s .  

The i n t e r f a c e  t o  t h e  model i s  th rough s imp le  commands 

which enab le  a  u s e r  t o  c h a r t  h i s  own approach t o  s e t t i n g  up and 

ana l yz ing  each  p l a n n i n g  o p t i o n .  Cons iderab le  f l e x i b i l i t y  e x i s t s  

t o  i n c l u d e  a  range  o f  p l ann ing  p o l i c i e s  th rough  t h e  use  o f  

s p e c i a l  c o n s t r a i n t s  on t h e  f o r e c a s t i n g  model. S o l u t i o n s  can be  

q u i c k l y  gene ra ted  and compared a c r o s s  a  range  o f  per formance i n -  

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

quences of each  p l a n n i n g  p o l i c y .  

The model was j o i n t l y  deve loped by t h e  a u t h o r s  (Geof f rey  G .  

Roy, o f  t h e  U n i v e r s i t y  of Western A u s t r a l i a ,  and Folke S n i c k a r s ,  

o f  t h e  Regional  Development Group a t  IIASA).* The c u r r e n t  paper  

c o n t a i n s  an overview of  t h e  main e lements  of t h e  model sys tem and 

i t s  use .  

Bo r i s  I s s a e v  
Leader 
Regional  Development 
Group 

Laxenburg, August 1982 
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1. INTRODUCTION 

Regiona l  p l a n n i n g  problems i n v a ' r i a b l y  o c c u r  w i t h i n  

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

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

o f  bo th  u rban and r u r a l  r e g i o n s .  I t  is  now no l o n g e r  s u f f i c -  

i e n t  t o  base  p lann ing  p r o p o s a l s  on t h e  "economic e f f i c i e n c y "  

o f  t h e  r e g i o n a l  system. Though s t i l l  i m p o r t a n t ,  economics 

must t a k e  i t s  p l a c e  among a  range  of '  s o c i a l  and p o l i t i c a l  ob- 

j e c t i v e s  which w i l l  form o u r  f u t u r e  s o c i a l  s t r u c t u r e .  

I t  must be recogn ized  t h a t  r e g i o n a l  sys tems a r e  h i g h l y  

complex, g e n e r a l l y  d e f y i n g  a c c u r a t e  mode l l i ng .  W e  a r e  a lways 

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

t o  r e a c h  a n  e x p l i c i t  d e s c r i p t i o n  o f  t h e  system. Any a t t e m p t  a t  

mode l l i ng  must  a c c e p t  t h i s  d i f f i c u l t y  a t  t h e  o u t s e t .  I n  p r e s e n t -  

i n g  a  d e s c r i p t i o n  of  t h e  ISP sys tem w e  a r e  a c u t e l y  aware o f  i t s  

l i m i t a t i o n s .  W e  do s u g g e s t  t h a t  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  

ISP model o f f e r s  advan tages  which make it u s e f u l  i n  a n  env i ron -  

ment o f  r a p i d l y  changing community a t t i t u d e s  towards  p lann ing  

p o l i c y .  

A t  t h e  o u t s e t ;  t h e  SSP model was des igned  t o  a t t e m p t  

t o  f i l l  t h e  gap e x i s t i n g  between l a r g e  s c a l e  r e g i o n a l  models and 

t h e  needs o f  p r a c t i s i n g  p l a n n e r s  who must implement t h e  r e s u l t s  

o f  such models.  T h i s  gap i s  n o t  t r i v i a l  and t h e  c r e d i b i l i t y / r e -  

l e v a n c e  o f  many mode l l ing  a t t e m p t s  may depend s i g n i f i c a n t l y  o n  

a p p r o p r i a t e  working r e l a t i o n s h i p s  between t h e o r y  and p r a c t i c e .  

The d e s i g n  o f  ISP h a s  hence been aimed a t  b r i n g i n g  t o g e t h e r  a  

r e g i o n a l  model and t h e  p l a n n e r s  i n  a  way where communication and 

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

l e v a n t  t o  t h e  u s u a l  p lann ing  p r a c t i c e s  o f  t h e  p l a n n e r .  
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I t  shou ld  b e  e x p l a i n e d  a t  t h e  o u t s e t  t h a t  t h e  I S P  

system w i l l  n o t ,  by i t s e l f ,  p rov ide  any answers t o  p l a n n i n g  

problems. The system w i l l ,  however, a s s i s t  p l a n n e r s  t o  d e f i n e ,  

a n a l y s e  and compare a l t e r n a t i v e  p lann ing  s t r a t e g i e s .  The system 

i s  i n t e r a c t i v e  and assumed t h a t  i t  i s  t o  be o p e r a t e d  by p l a n n e r s  

i n  p lann ing  o f f i c e s .  I t  i s  env isaged t h a t  a  u s e r  o f  t h e  system 

w i l l  use  it a s  a  p a r t  o f  h i s  ongoing p lann ing  o p e r a t i o n s .  New 

i n fo rma t ion  and changing p lann ing  p o l i c i e s  can  hence be  t e s t e d  

i n  t h e  system t o  r e v e a l  t h e  consequences f o r  t h e  p lann ing  ob- 

j e c t i v e s .  

The ISP sys tem i s  c o n t r o l l e d  by u s e r  commands which 

e n a b l e  a  u s e r  t o  t r a c k  h i s  own p a t h  th rough t h e  v a r i e t y  o f  op- 

t i o n s  which enab le  p lann ing  p o l i c i e s  t o  be i n p u t  f o r  e v a l u a t i o n .  

Cons iderab le  use  i s  made of computer g r a p h i c s  t o  d i s p l a y  t h e  

o u t p u t  from t h e  I S P  model. I n  t h i s  way a  u s e r  can  q u i c k l y  and 

e a s i l y  g a i n  i n fo rma t ion  w i t h o u t  t h e  need t o  examine l a r g e  amounts 

o f  numeric d a t a .  The numeric d a t a  i s  always a v a i l a b l e  where 

l onge r  term o r  more d e t a i l e d  examina t ions  a r e  r e q u i r e d .  

The ISP system was developed f o r  a p p l i c a t i o n  i n  t h e  

~ k z n e  r e g i o n  of s o u t h e r n  Sweden. The examples quo ted  i n  t h i s  

r e p o r t  a r e  a l l  t a k e n  from t h i s  c a s e  s tudy .  A d e t a i l e d  d e s c r i p -  

t i o n  of  t h e  ISP system can  be found i n  Roy and S n i c k a r s  (1981, 

1 3 8 2 )  and t h e  d s t a i l e d  o p e r a t i o n  of t h e  system i n  Roy (1381 a , b )  . 

2. MODEL CONCEPTS 

The ISP system i s  des igned s p e c i f i c a l l y  f o r  t h e  problem 

of  l a n d  use  a l l o c a t i o n  ( o r  zon ing)  i n  a  r e g i o n a l  c o n t e x t .  The 

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

and o t h e r  necessa ry  r e l a t i o n s h i p s  between t h e  v a r i o u s  s e c t o r s  
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and sub-regions co rnpos i~g  t h e  r e g i o n a l  system, The CQIIlmOn base 

f o r  a l l  t h e s e  e lements  i s  t h e  a l l o c a t i o n  of l and  t o  a c t i v i t i e s  

a c r o s s  t h e  r e g i o n  and ove r  a  number of p lann ing t ime p e r i o d s .  

The model assumes t h a t  t h e  f u t u r e  s t a t e s  of  t h e  reg ion  

a r e  heav i l y  i n f l uenced  by t h e  e x i s t i n g  s t a t e .  The e x i s t i n g  s t a t e  

must,  t h e r e f o r e ,  be we l l -de f ined  both i n  terms of  l a n d  usage 

and a p p r o p r i a t e  l e v e l s  o f  p roduct ion .  Product ion  f o r  each s e c t o r  

can be de f i ned  i n  any a p p r o p r i a t e  u n i t s  ( e .g .  monetary v a l u e ,  

employment, q u a n t i t y  of  p roduc t ion ,  numbers of peop le ,  a r e a s  of 

l and  e t c . ) ,  b u t  'each must be c o n v e r t i b l e  i n t o  l a n d  consumption. 

I t  i s  accep tab le  t o  have some s e c t o r s  i n  t h e  model even i f  t hey  

consume no l and  ( o r  on l y  minute amounts) i f  t hey  p rov ide  necess-  

a r y  l i n k a g e s  between o t h e r  sub-sectors .  I n  fo rmu la t ing  t h e  

f u t u r e  s t a t e s  o f  t h e  r e g i o n ,  t h e  temporal  v a r i a t i o n s  i n  t h e  produc- 

t i o n  c o e f f i c i e n t s  ( i .e .  t h e  r a t i o  between p roduc t ion  and l and  con- 

sumption) must a l s o  be es t ima ted  from p a s t  t r e n d s  o r  some know- 

ledge of l i k e l y  changes i n  product ion  technology.  

To approximate t h e  r e a l  r eg iona l  system each a c t i v i t y  

type must be c l a s s i f i e d  i n t o  a s e t  of  s e c t o r s  which can be sens-  

i b l y  managed by t h e  model. A t  t h i s  l e v e l ,  t h e  model shou ld  r e -  

p r e s e n t  a  reasonab le  approximat ion t o  t h e  r e a l  s i t u a t i o n .  Fur- 

t h e r  aggrega t ions  w i l l  o f t e n  be necessary  t o  b r i n g  t h e  s e c t o r a l  

d e s c r i p t i o n  i n  l i n e  w i t h  t h e  land  use  c l a s s i f i c a t i o n s  a v a i l a b l e  

t o  t h e  p lanners .  I n  t h e  Sk2ne s tudy ,  26  s e c t o r s  were chosen t o  

r e p r e s e n t  t h e  n a t u r e  of  t h e  r e g i o n a l  system and t h e s e  w e r e  agg- 

r ega ted  i n t o  seven s e c t o r s  corresponding (approximately)  t o  t h e  

broad l and  use  c l a s s i f i c a t i o n s  recognized by t h e  l o c a l  p l anne rs .  

[See Tab le  11, 
The s p a t i a l  c h a r a c t e r i s t i c s  of t h e  reg ion  must a l s o  be 

approximated by t h e  c a s e  of  a  s e t  of sub-regions i n  which we can 

assume some un i fo rm i ty  o f  s e c t o r  c h a r a c t e r i s t i c s .  I n  t h e  skzne 

s tudy ,  35 sub-regions were chosen. Of ten t h e  cho ice  of  t hese  



PRODUCTION SECTORS . - 

1 Crop p r o d u c t i o n  

2. H e a t  p r o d u c t i o n  

3. Vegetab le  p r o d u c t i o n  

4. F o r e s t r y  

5 F w d  i n d u s t r y  

6. Chemical i n d u s t r y  

7'. Equipment i n d u s t r y  

8. Other  i n d u s t r y  

9. Uti l i t ies 

10. Petro leum i n d u s t r y  

11 Wholesale t r a d e  

12. R e t a i l  t r a d e  . 

13. P r i v a t e  s e r v i c e s  

14. ,Single f a m i l y  housbg 

15. M l t i - f a m i l y  hous ing  

16. Educat ion 

17. Hea l th  c a r e  

18. P u b l i c  a d m i n i s t r a t i o n  

19. Roads 

20. Ra i l vays  

21. -  Harbours 

22. A i r p o r t s  

23. Person T r a n s p o r t  

24. Goods t r a n s p o r t  

25. Rec rea t i on  

26. Coast  

PRODUCTION GROUPS 

1. A g r i c u l t u r e  

2, I n d u s t r y  

3. Energy 

4. service 
5. Housing 

6. Government 

7. S l a c k  

- c r o p  

- meat 

- vege 

- f o r e  

- food 

- chem 

- e q u l  

- o t h e  

- u t i l  

- p e t r  

- vhol 

- reta 

- p r i v  

- s i n g  

- mil t  

- educ 

- h e a l  

- pub1 

- road 

- r a i l  

- h r b  

- a i r p  

- per. 

- good 

- r e c r  

- coaa 

- a g r b  

- indb 

- a l e b  

- s e r b  

- houb 

Croup 1 

1 

1 

1 

2  

2 

2 

2 

3 

3 

4 

4 

4 

5 

5 

6 

6 

6 

d 
a 
1 
a 
4 

4 

7 

7 

TABLE 1: Production sectors fo r  the Skane study 



SUB - 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15 . 
16. 
17. 

'18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33 . 
34. 
35 . 

Wddekbp inge 
KXvlinge 
B j  l r r e d  
Lo- 
Lund 
SUdra-Sandby 
Dalby 
Genarp 
VeberM 
Hj !rup 
S t a f  f a n s t o r p  
-rp 
A r lbv  
nalnaa 
h i e  
Bunkef t o  
Bara  
Sveda la  
V e l l i n g e  
B6llviLs-HHs 
SkanBr 
Anderstov 
smyge- 
T r e l l e b o r g  
He ls ingborg  
l andsk rona  
Es18v 
S j b  
Ys tad  
A n g e h o h  
n i p p a n  
HHssleholm 
BBrby 
K r i s t i a n s t a d  
SlEIrishrmn 

REGION GROUPS 

lodd 
- t r v l  
- b j a r  
- llnm - lund - nand 
- d a l b  
- g- - ' vebe 
- h j a r  
- s t a f  
- a t r r  - a r l o  - mlm - o x i e  
- bunk 
- b r a  
- 8 W d  - v e l l  
- boll 
- & a n  
- ande 
- m g  - t r e l  
- b d s  
- l and  
- -10 
- .job - y s t l  - ange 
- n i p  - h a s s  
- horb  - h i s  - s k r  

Kzv l inge XnUlmln 
Lolma Kcmmlm 
Lund Kwmrm 
S t a f f a n s t o r p  
Bur lbv 
&ha - 
sved& Kmxm.m 
V e l l i n g e  - 
T r e l l e b o r g  I;ommm 
B r s t  of  ~tdne  

- h v k  - l d  
- l unk  
- s t o k  - burk  
- r i l k  - svek 
- v& 
- trek - r o u t  

Croup 1 
1 
2 
2 
3 
3 
3 
3 
3 
4 
4 
5 
5 
6 
6 
6 
7 
7 
8 
8 
8 
9 
9 
9 

1 0  
1 0  
1 0  
10 
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  

T A B L E  2: Subregion divisions for the Skane study 



r eg ions  may no t  co inc ide  w i th  t h e  l o c a l  p lann ing  p o l i c i e s  (e .g .  

c o r r i d o r  development, growth c e n t r e s ,  e t c .  ) and hence f u r t h e r  

aggrega t ion  i s  d e s i r a b l e .  I n  t h e  ~ k g n e  s tudy  t h e  sub-regions 

were aggregated i n t o  m u n i c i p a l i t i e s  ( 9  m u n i c i p a l i t i e s )  p l u s  

one group con ta in i ng  s e v e r a l  m u n i c i p a l i t i e s  ( s e e  Tab le  2 ) .  I n  

t h i s  way t h e  s p a t i a l  aggrega t ion  was des igned t o  be a p p r o p r i a t e  

f o r  t h e  SSK (Sydvast ra  ~ k s n e s  Xomunalforbund) which i s  composed 

of  9 m u n i c i p a l i t i e s . a n d  i s  t h e  p lanning a u t h o r i t y  f o r  those  

reg ions .  

The a p p l i c a t i o n  of ISP r e q u i r e s ,  t h e r e f o r e ,  both  spa t -  

i a l  and s e c t o r a l  aggrega t ions  a s  a means t o  s i m p l i f y  t h e  complex 

r e g i o n a l  system. Each a p p l i c a t i o n  of  ISP may w e l l  l e a d  t o  q u i t e  

d i f f e r e n t  aggrega t ion  procedures and outcomes depending on t h e  

n a t u r e  o f  each p a r t i c u l a r  p lann ing problem. 

The t w o  l e v e l s  of  d e s c r i p t i o n  f o r  t h e  reg ion  a r e  c a l l e d  

t h e  micro and macro s t a t e s .  The micro s t a t e  c o n t a i n s  t h e  most 

d e t a i l e d  d e s c r i p t i o n  both s p a t i a l l y  and s e c t o r a l l y .  The macro 

s t a t e  i s  composed of  t h e  aggregated s e c t o r s  i n  t h e  aggregated 

sub- reg ions and i s  i n tended  should be t h e  main i n t e r f a c e  between 

t h e  model and use rs .  I t  i s  a t  t h i s  l e v e l  w e  would expec t  t h e  

p l anne r  t o  impose h i s  broad s c a l e  p lann ing p o l i c i e s  by a l l o c a t i n g  

l and  t o  t h e  va r i ous  macro s e c t o r s .  

One of  t h e  major components i n  t h e  ISP model i s  t h e  

mechanism by which it e s t i m a t e s  t h e  l i k e l y  f u t u r e  s t a t e s  o f  t h e  

reg ion .  W e  have chosen t o  use  a f o r e c a s t i n g  techn ique which 

assumes t h a t ,  i n  gene ra l ,  t h e  reg iona l  system i s , r a t h e r  s t a b l e  

and t h a t  on l y  p r e d i c t a b l e  changes a r e  t o  be expected.  Th is  

means t h a t  w e  have adopted a r a t h e r  conse rva t i ve  approach t o  

p lann ing ,  b u t  no t  perhaps an u n r e a l i s t i c  one.  The changes 

t h a t  a r e  p red i c ted  t o  occur  over  t ime a r e  brought  about  by two 



p r i n c i p a l  mechanisms. F i r s t l y ,  t h e  g e n e r a l  development of  t h e  

reg ion  Ce.9.. popu la t i on ,  employment, p roduc t ion ,  e t c . )  over  t ime 

taken  a  p r i o r i .  That  i s ,  f o r  a  p a r t i c u l a r  model c o n f i g u r a t i o n  

we must have determined from o t h e r  sources  t h e  p r e d i c t e d  o v e r a l l  

s t a t e  of  t h e  reg ion .  Now second ly ,  i t w i l l  be t h e  imposed p lann-  

i ng  p o l i c i e s  of t h e  u s e r  o f  t h e  system t h a t  w i l l . d e t e r m i n e  t h e  

s p a t i a l  and temporal  d i s t r i b u t i o n  of s e c t o r  p roduc t ion  l e v e l s  t o  

meet. t h e  a  p r i o r i  de f i ned  region-wide c h a r a c t e r i s t i c s .  The f o re -  

c a s t i n g  sub-model which aims a t  making a s  l i t t l e  a s  p o s s i b l e  

change t o  t h e  reg ion  over  s e q u e n t i a l t i n e  p e r i o d s ,  can be i n t e r -  

p re ted  i n  mathemat ica l  terms.  I n  t h e  ISP model this f o r e c a s t i n g  

procedure i s  c u r r e n t l y  based on t h e  concept  of maximising t h e  

"ent ropy"  of  t h e  f u t u r e  s t a t e  compared w i th  t h e  e x i s t i n g  s t a t e  

o f  t h e  reg ion .  

Given t h a t  t h e  f u t u r e  s t a t e s  of  t h e  system a r e  f o re -  

c a s t ,  a s  o u t l i n e d  above, t h e  u s e r  of t h e  ISP model must d e f i n e  a  

s e t  of  performance i n d i c a t o r s  t o  measure t h e  performance of t h e  

r e g i o n a l  system f o r  each s e t  of  p lann ing p o l i c i e s .  I t  i s  i n -  

tended t h a t  t h e s e  performance i n d i c a t o r s  ( o r  o b j e c t i v e s )  should 

be des igned t o  prov ide a  mul t id imens iona l  view of  each s o l u t i o n  

p roposa l  t o  a s s i s t  t h e  u s e r  i n  making d i r e c t  comparisons between 

a l t e r n a t i v e  p lann ing schemes. These performance i n d i c a t o r s  can 

t a k e  a  v a r i e t y  of  forms and need no t  be cons t ra i ned  by any mathem- 

a t i c a l  r e s t r i c t i o n s  p rov id ing  they  can be computed from t h e  d a t a  

a v a i l a b l e  i n  t h e  ISP system or  any o t h e r  u s e r  supp l ied  d a t a .  

Tab le  3 shows, a s  examples, some o f  t h e  o b j e c t i v e s  implemented i n  

t h e   kine study.  

The o p e r a t i o n  o f  t h e  ISP model can be d i v i ded  i n t o  t h r e e  

major s t e p s .  F i r s t l y ,  where t h e  u s e r  deve lops and imposes s p e c i f i c  

p lann ing p o l i c i e s .  Secondly,  where t h e  f o r e c a s t i n g  procedure 

e v a l u a t e s  t h e  most l i k e l y  s t a t e s  of  t h e  reg ion  a t  each of  t h e  

p lann ing t ime per iod  hor i zons .  And t h i r d l y ,  where t h e  use r  



PERFORMANCE INDICATOR SCAL I NG 

1.. Rate  o f  r u r a l  t o  u rban  l a n d  conve rs i on  1000 - mean 
<lo00 s l  ower t han  average 
>I000 f a s t e r  t h a n  average 

2. Loca l  r e c r e a t i o n  s t anda rds  sq.m/person x 10 

3. P r o p o r t i o n  o f  m u l t i  f a m i l y  hous ing % x l O  

4.  A c c e s s i b i l i t y  t o  work range  400 - 600 

5. R a t i o  o f  b a s i c / s e r v i c e  employment 1000 - mean 
41000 l e s s  t h a n  average 
>I000 g r e a t e r  t h e n  average 

TABLE 3: Performance i n d i c a t o r s  implemented f o r  Skane s t u d y  
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examines the results ( i ~ e .  performance') of the scheme and makes 

comparisons with other alternatives. These three steps are in- 

tegrated into an interactive computer system which facilitates 

a high degree of user involvement with the ISP model. The user 

has available a set of commands which enable him to impose pol- 

icies and examine results in graphical or numerical form.' It 

is anticipated that a potential user of the system would require 

some training and familiarization but it is not assumed that 

any "computer expertise" is necessary. 

3. IMPLEMENTATION OF I'SP 

3.1 General 

In this section we will discuss some of the issues 

involving the implementation of the ISP system to a given re- 

gional planning problem. It must be emphasized that each applic- 

ation can be quite different, hence affecting the detail and 

method of implementation. The first real issue that needs to be 

established is the basic nature of the problem in hand and the 

characteristics of the regional system. The availability of 

data will, of course, also have a substantial influence. In 

addition, the nature, powers and function of the planning author- 

ity for which the system may be implemented must also be con- 

sidered. This is of some importance since we have suggested 

that the "macro" level definition of the regional system should 

be related closely to the normal operation and powers of the 

planning authority. 

3.2. Definition of Micro State 

The micro state represents the finest description of 

the regional system and compr,ises a number of sectors allocated 



i n t o  a number of sub- reg ions.  A t  t h i s  l e v e l  we a r e  g e n e r a l l y  

cons t ra i ned  by two major f a c t o r s ,  t h e  a v a i l a b i l i t y  of d a t a  an? 

. t h e . c a p a c i t y  of  t h e  computer on which t h e  system i s  t o  be oper -  

a t e d .  On t h e  o t h e r  hand, t h e  eva lua t i on  of  performance i n d i c -  

a t o r s  may r e q u i r e  a cons ide rab le  l e v e l  of  d e t a i l  i n  t h e  r e g i o n a l  

model i f  r e a l i s t i c  r e s u l t s  a r e  t o  be expected.  Hence we have t o  

b-alance up t h e s e  c o n f l i c t i n g  a s p e c t s  i n  t h e  process of,  des ign ing  

a s u i t a b l e  micro s t a t e  d e f i n i t i o n .  Tab les  1 and 2 show t h e  micro 

s t a t e  d e f i n i t i o n  f o r  t h e  ~ k z n e  Study by way of example. 

Once t h e  micro s t a t e  i s  de f ined  we must assume t h a t '  

each s e c t o r  i n  each sub-region r e p r e s e n t s  a uni form c h a r a c t e r i s -  

t i c .  B y  t h i s  we mean t h a t  it has a uni form consumption of  l and  

and t h a t  it can be cons idered  uniform i n  i t s  r e l a t i o n s h i p s  w i t h  

o t h e r  s e c t o r s ,  bo th  w i th in ,  and between sub-regions. W e  must 

accep t  t h a t  t h e  micro s t a t e  i s  t h e  f i n e s t  l e v e l  of d e t a i l  a v a i l -  

a b l e  f o r  any computat ions w i t h i n  t h e  model. We do assume, how- 

eve r ,  t h a t  t h e  p lanners  i n t e r e s t  may go beyond t h i s  and he may 

impose ( e x t e r n a l l y  t o  t h e  ISP model) c e r t a i n  a d d i t i o n a l  informa- 

t i o n  i n  s e l e c t e d  a r e a s  of  i n t e r e s t .  Such a process w i l l ,  i n  

gene ra l ,  be no t  on l y  d e s i r a b l e ,  b u t  e s s e n t i a l  i n  t h e  p r a c t i c a l  

implementat ions of t h e  ISP model. - 

3 . 3  D e f i n i t i o n  of  Macro S t a t e  

The macro s t a t e  should r e l a t e  a s  c l o s e l y  a s  p o s s i b l e  

t o  the normal p lann ing methods and powers of t h e  p lann ing au thor -  

i t y .  It i s  expected t h a t  some t r i a l  and e r r o r  may be invo lved 

be fo re  a s a t i s f a c t o r y  macro s t a t e  evo lves .  A s  exp la ined e a r l i e r ,  

t h e  macro s t a t e  i nvo l ves  both  s e c t o r a l  and s p a t i a l  aggrega t ions .  

The ISP system is des igned t o  f a c i l i t a t e  an easy r e - d e f i n i t i o n  

of  t h e  macro s t a t e  dur ing  t h e  implementat ion p rocess .  Also, it 

may be app rop r i a te  f o r  t h e  use r  t o  eva lua te  fundamental ly d i f f e r -  



ent planning strategies, (e.g. corridor versus growth centres) 

which would involve a re-definition of the macro state. This 

is easily achieved in the ISP model. Each sector and sub-region 

at the micro level is given a group index. number (see Tables 1 

and 2) which associates it with the particular macro group. 

These index numbers are easily altered to suit user requirements. 

Depending on the requirements of the user, certain micro sectors 

and regions may not appear at the macro level. This implies 

that although the user,may not be particularly interested in them, 

they still form an integral part of the total regional system. 

In the case of the ~ k s n e  study, the macro regions cor- 

respond to the nine municipalities comprising the planning author- 

ity for which the ISP model was implemented. Here we have a 

"political" justification. In other situations a different basis 

would be used to select a suitable definition of the spatial 

character of the regions at the macro level. 

Since the ISP model is designed for land use alloca- 

tion, the macro sectors should correspond to the land use class- 
i 

ifications which are normally used by the planning authority. 

Even though the micro sectors are defined in "production" terms 

and convertible into land,at the macro level we are mainly in- 

terested in land consumption. Obviously, however, we do need 

to still record the aggregated production values so that we can 

be sure to allocate sufficient land to accommodate the changing 

demands of various sectors across the region as a whole. 

3 . 4  Definition of Performance Indicators 

The performance indicators chosen to be implemented 

will need to be defined in close collaboration with the users 

of the system. In addition it may be appropriate to include 
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performance indicators appropriate to other interested parties 

who are normally outside the planning authority (e.g. politicians, 

conservationists, developers etc.). The performance indicators 

have to be specifically programmed into the ISP model for each 

particular implementation. Two user written sub-routines must be 

included to provide data and to compute the necessary values for 

the performance indicators at each step in the forecasting model. 

The performance indicators are evaluated at three levels of 

spatial aggregation. Hence, for any indicator,the ISP model 

computes its value at the micro sub-region level, the macro 

region level and then at some global level across the whole (or 

part) of the total region. Each indicator is evaluated for each 

planning time horizon and currently no aggregation across time is 

done. At the global level, therefore, the user will be provided 

with each performance indicator evaluated for each time period. 

If desired, the user can also examine each indicator across macro 

regions or across micro regions. 

It should be emphasized that each performance indicator 

is computed independently and hence there is no requirement that 

any common basis needs to be adopted. Each indicator can be 

measured in the most appropriate units and suitably scaled without 

reference to the others. For example, see Table 3 for the ~ k s n e  

study performance indicators. 

The implementation of the ISP model does require the 

existence of certain computational capabilities. The major re- 

quirement is for a graphics display terminal. currently the 

system is designed for Tektronix (or Tektronix compatible) type 

displays. In particular, it does require a display with a 

reasonable degree of resolution (at least 1000 points across the 



sc reen )  and a l a r g e r  s i z e  sc reen  being of cons ide rab le  va lue .  

A high speed connect ion  t o  t h e  computer i s  a l s o .  e s s e n t i a l  ( a t  

l e a s t  2 4 0 0  baud) ,o therw ise  t h e  g raph ic  ou tpu t s  w i l l  be pa in-  

f u l l y  slow. A hard copy u n i t  i s  a l s o  d e s i r a b l e  t o  make cop ies  

of g raph i ca l  d i s p l a y s .  

The t o t a l  ISP system does a l s o  r e q u i r e  a s u b s t a n t i a l  

computer c a p a b i l i t y .  . I t  w i l l  run on most main frame computers 

and on c e r t a i n  mini-computers, depending on a v a i l a b l e  memory 

and ope ra t i ng  system. Computational t imes w i l l  g e n e r a l l y  be 

s lower,  b u t  perhaps c o s t s  less. Computational t imes  w i l l  on l y  

be s i g n i f i c a n t  i n  t h e  f o r e c a s t i n g  sub-models which i s  executed 

once f o r  every new t r i a l  s o l u t i o n .  On t h e  DEC 1 0  a t  t h e  Uni- 

v e r s i t y  of Western A u s t r a l i a ,  about  30 s e c s  CPU t i m e  i s  invo lved 

f o r  t h e  ~ k s n e  s tudy ,  wh i le  on a Nord 1 0 0  (a min i  computer) i n  t h e  

c i t y  of Malmo (Sweden) t h e  same problem takes  about  8 minutes.  

Consider ing t h a t  most of a u s e r ' s  t ime w i l l  be invo lved i n  s e t t -  

i ng  up and examining r e s u l t s ,  t hese  t imes a r e  cons idered  s a t i s -  

f ac to r y .  

A s  each t r i a l  s o l u t i o n  i s  generated it i s  s t o r e d  

permantly i n  t h e  computer and t h e  user  i s  f r e e  t o  access  any such 

s o l u t i o n  f o r  f u t u r e  re fe rence .  I n i t i a l l y  we always assume t h a t  

a t  l e a s t  one s o l u t i o n  a l r eady  e x i s t s .  This  base s o l u t i o n  would 

normal ly r e p r e s e n t ,  f o r  example, the  c u r r e n t  p lann ing out look  o r  

a non- in tervent ion  scena r i o .  A s  more s o l u t i o n s  a r e  genera ted  

cons iderab le  d i s k  s t o r a g e  cou ld  be requ i red .  

Normally, any s o l u t i o n  genera ted can be accessed and 

repo r ted  on i n  an i n t e r a c t i v e  fash ion  w i th  va r i ous  forms of  

g raph i ca l  d i sp lays .  For  longer  term r e p o r t i n g  and reco rd ing ,  

r a t h e r  d e t a i l e d  numeric r e p o r t s  can a l s o  be genera ted v i a  a 

l i n e  p r i n t e r .  



4 . 1  Genera l  

I n  t h i s  s e c t i o n  we w i l l  o u t l i n e  an example o p e r a t i o n  

of t h e  ISP system g i v e n  t h a t  t h e  d a t a  f i l e s  e t c .  have b e e n ' s e t  

up and a r e  o p e r a t i o n a l .  W e  w i l l  u s e  t h e  Sksne case s t u d y  as 

a means o f  demons t ra t i ng  t h e  c a p a b i l i t i e s  o f  t h e  system. 

O p e r a t i o n a l l y ,  ISP i s  d i v i d e d  i n t o  5 phases ,  each  hav ing a  

s p e c i f i c  se t  o,f f u n c t i o n s .  The u s e r  i s  f r e e  ( i n  g e n e r a l )  t o  

move amongst t h e s e  phases  t o - a c h i e v e  t h e  d e s i r e d  approach t o  t h e  

p a r t i c u l a r  p l ann ing  problem. I n  t h e  d e s c r i p t i o n  below we w i l l  

t a k e  each  phase i n  sequence,  which i s  t h e  u s u a l ,  b u t  n o t  nec- 

e s s a r i l y  t h e  o n l y  approach.  A lso ,  i t  i s  u s u a l  t o  commence i n -  

t e r a c t i o n  i n  Phase 4 (examinat ion  o f  r e s u l t s )  where t h e  u s e r  

can r e p o r t  from p r e v i o u s l y  gene ra ted  s o l u t i o n s  b e f o r e  go ing  on 

t o  deve lop  new a l t e r n a t i v e s .  

4 . 2  Phase 1: Ad jus t i ng  Macro A l l o c a t i o n  o f  Land 

I n  Phase 1 t h e . u s e r  is r e q u i r e d  t o  impose some broad 

s c a l e  p l ann ing  p o l i c i e s  on t h e  a l l o c a t i o n  o f  l and  t o  macro 

s e c t o r s  a c r o s s  macro r e g i o n s .  Th i s  a l l o c a t i o n  o f  l a n d  must 

s a t i s f y  t h e  a  p r i o r i  de termined g e n e r a l  development  demands 

on l and  u s e .  Tha t  i s ,  i f  w e  must accommodate a growing popula- 

t i o n  i n  hous ing  and employment, then  land  must be a l l o c a t e d ,  

o r  r e - a l l o c a t e d ,  o v e r  t i m e  t o  meet t h o s e  demands. The c h o i c e  

of which l and  and i n  which r e g i o n s ,  i s  l e f t  t o  t h e  u s e r  of  t h e  

system. I t  must be  remembered t h a t  a t  t h e  macro l e v e l  w e  a r e  

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

w e  b e l i e v e  t h a t  t h i s  t a s k  is  by no means imposs ib l e  f o r  t h e  

p l anne rs .  These broad scale p o l i c i e s  a r e  ( u s u a l l y )  an  e s s e n t i a l  

e lement  i n  t h e  i n fo rma t i on  t h e  p l anne r  can impose t o  c o n t r o l  t h e  
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I -348 .1  809.  163. 18.  5 2 .  212.  3 1 .  75.  

m01 h - - - - @  8344 . @  1 2 8 6 . ~  11Q.n  837 .  2226. * 552.  a 1 1  19.n 
r - 3 1 9 0 ~ 1  71 18.  1183. 121. 845 .  2138.  625 .  1120. 
s v e h  - - - - a  1 8 4 7 2 . 0 .  32 .  a 6 . a  1 3 3 5 . ~  521 . a  24. '  ,106.a 
I -5283 .1  16667. 3 3 .  7 .  1436. , 628.  31 .  106. 
vel h ---- a 8553.  a 22.a  l 3 . a  16.U Q18.a 5 7 . a  2038.  
I -1623 .1  8574.  2 2 .  13. 15.  988.  67 .  2038.  
t r e k  ---- 2 8 8 1 6 . ~  271 . a  2 5 . a  8 7 . 1  065.  70 .  1482.*  
1 -2890 .1  28523.  2 5 4 .  26 .  112, 959 .  7 9 .  1481. 
r o u t  ---- 756731 . a  3583.  a 275.  a 1 5 8 6 . ~  2 3 3 6 2 . ~  756 .  a 15758. 
( - 1 6 1 8 9 4 , l  762857.  3561 . 278.  1625.  241 15,  850.  15758. 
I m, houb , mo 1 h  , 2200 

FIGURE 1: Table of  macro land allocations 



future development of the region. Fig. 1 shows an example 

allocation of land at the macro level. This table is the basic 

mechanism to allow the users to make changes to the allocations. 

We will now describe this Table in some detail. 

A Table (as in Fig. 1) showing the macro allocation 

of land exists for each planning period (1980, 1985, 1990, 1995 

and 2000 in the ~ k h e  study) . The Table contains the allocation 

of land (hectares) for each macro sector (across the Table) in 

each macro region (down the Table). The rows and columns are 

labelled with the names of the sectors and regions. Within the 

Table the numbers between the " #  ........ # "  are the values for 

the previous time,period (1975, i.e. the base year in this ex- 

ample in Fig. 1)- The figure immediately under these is the 

estimate for the current time period which can be altered by 

the user. In making adjustmen-ts, the user cannot totally ignore 

the allocation at the previous time state, hence those figures 

are always included for comparison. 

Any figure in the Table [for the current time period) 

can be altered by the user using a command like the one shown 

at the bottom of Fig. 1. That is,"m,houb,malk,2200" .will change 

the amount of land allocated to housing in Malmo Kommun to 

2200 ha. The previous value being 2138 ha for 1980 and the 

1975 figure was 2226 ha, 

To assist the user in this allocation of land two more 

sets of data are included in the Table. Down the left hand side 

of the Table (immediately under each region name) the net amount 

of uncommitted land is given. This figure indicates for each 

macro region how much land is available for allocation. Obvious- 

ly the user is not permitted to allocate more land than is avail- 

able. Also along the top of the Table (immediately under each 



s e c t o r  name) t h e r e  i s  a n  e s t i m a t e  of  by how much t h e  p roduc t i on  

i n  each s e c t o r  would exceed t h e  reg ion  wide f o r e c a s t s  i f  a l l  

of t h e  l and  a l l o c a t e d  was i n  f a c t  used by t h e  s e c t o r s .  The 

u n i t s  a r e  i n  "p roduc t i on "  terms a p p r o p r i a t e  t o  t h e  macro s e c t -  

o r s .  I n  t h i s  c a s e ,  f o r  example, a g r i c u l t u r e  i s  measured i n  

employment, hous ing i n  numbers of  peop le  and s l a c k  land  i n  

land  a r e a .  Th i s  i n fo rma t ion  i s  necessa ry  t o  ensu re  t h e  u s e r  

a l l o c a t e s  s u f f i c i e n t  l a n d  t o  a l l ow  t h e  minimum l e v e l s  o f  pro-  

d u c t i o n  t o  occu r  a c r o s s  t h e  reg ion  a s  a  whole. 

I n  g e n e r a l  t h e  amounts o f  unused l a n d  

should  always be 0 o r  less wh i le  t h e  amounts of  "over  p roduc t i on "  

should  be ze ro  o r  more. There a r e  excep t i ons  t o  t h i s  t h a t  w i l l  

be exp la ined  l a t e r .  Each t i m e  t h e  u s e r  a l t e r s  an a l l o c a t i o n  o f  

land  he should  check t h e s e  f i g u r e s  w i t h  a  " v e r i f y "  (v)  command 

which e v a l u a t e s  t h e  new v a l u e s  and p r i n t s  s u i t a b l e  e r ro r -mess -  

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

The u s e r  can s t e p  on t o  t h e  nex t  t ime p e r i o d  w i th  a  

"nex t "  (n )  command o r  r e t u r n  t o  t h e  p rev ious  pe r iod  w i t h  a  

"back" (b)  command t o  examine, and hence modify, any e lement  

i n  t h e  macro a l l o c a t i o n  o f  l and .  Also, t o  enab le  t h e  u s e r  t o  

o b t a i n  a  c l e a r e r  p i c t u r e  of  t h e  temporal  c h a r a c t e r i s t i c s  o f  

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

"g ,ag rbn  command w i l l  produce a  graph a s  i n  F igu re  2 ,  showing 

t h e  a l l o c a t i o n  o f  a g r i c u l t u r a l  land  w i th  t i m e  f o r  each  macro 

reg ion .  A lso a  "g , lunkn  command w i l l  p l o t  a  graph showing f o r  

t h e  reg ion  o f  t h e  Lund t h e  a l l o c a t i o n s  o f  each t ype  o f  l a n d  u s e  

over  t i m e  (excep t  a g r i c u l t u r e  i n  t h i s  c a s e )  a s  seen i n  F igu re  

3 .  These g raphs  enab le  t h e  u s e r  t o  a s s e s s  t h e  temporal  charac-  

t e r i s t i c s  of h i s  a l l o c a t i o n s .  I t  i s  a l s o  p o s s i b l e  t o  compare 

a l l o c a t i o n s  from o t h e r  t r i a l s  and d i s p l a y  them c o n c u r r e n t l y  w i th  









t h e  c u r r e n t  t r i a l  a s  shown i n  F i g u r e  4 .  I n  t h i s  c a s e ,  t h e  g raphs  

shown i n  d o t t e d  l i n e s  a r e  ' fo r  some p r e v i o u s l y  g e n e r a t e d  a l l o c a -  

t i o n .  

T o  g a i n  a  v i s u a l  impress ion  of  t h e  s p a t i a l  c h a r a c t e r -  

i s t i cs  of t h e  a l l o c a t i o n s  a  map of t h e  r e g i o n  can  a l s o  be p l o t t e d  

( s e e  F i g u r e  5 ) .  I n  t h i s  c a s e  we p l o t  an o u t l i n e  of t h e  macro 

r e g i o n s  and show by means of a  " p i e "  c h a r t  t h e  p r o p o r t i o n  of 

l and  a l l o c a t e d  t o  t h e  v a r i o u s  macro s e c t o r s  ( a g a i n  exc lud ing  

a g r i c u l t u r e  i n  t h i s  c a s e ) .  S i m i l a r  p l o t s  can  be o b t a i n e d  f o r  

each  p lann ing  t ime  p e r i o d .  

The a l l o c a t i o n s  o f  l and  made by t h e  u s e r  a r e  (by  

d e f a u l t )  assumed t o  be upper bounds. Tha t  i s ,  w e  assume t h a t ,  

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

j u s t  s u f f i c i e n t  l and  t o  accommodate t h e  r e g i o n a l  development.  

I n  some s i t u a t i o n s  he may ove r  a l l o c a t e  l and  on t h e  assumpt ion 

t h a t  t h e  model w i l l  u l t i m a t e l y  o n l y  u s e  a  s u f f i c i e n t  amount and 

an ad jus tment  can be made a t  a  l a t e r  s t a g e .  I t  i s  p o s s i b l e ,  

however, f o r  t h e  u s e r  t o  change t h i s  d e f a u l t  c o n d i t i o n  i n  Phase 2 

below, I t  i s  a l s o  p o s s i b l e  f o r  t h e  u s e r  t o  make no a l l o c a t i o n s  

i n  s e l e c t e d  s e c t o r s  and/or  r e g i o n s  i f  he  s o  w ishes .  

Once t h e  u s e r  has  completed t h e  r e q u i r e d  changes t o  

t h e  macro a l l o c a t i o n  o f  l and  he  may then  proceed t o  Phase 2 .  

4 . 3  Phase 2 :  S p e c i a l  C o n s t r a i n t s  

T h i s  s p e c i a l  c o n s t r a i n t  phase p r o v i d e s  t h e  u s e r  w i t h  

o p p o r t u n i t i e s  t o  impose a  range  o f  r a t h e r  p a r t i c u l a r  p lann ing  

p o l i c i e s  on t h e  reg ion .  These p o l i c i e s  a r e  i n t e r p r e t e d  by means 

of c o n s t r a i n t s  which w i l l  be imposed on t h e  f o r e c a s t i n g  sub- 

model. There a r e  a  range  of s p e c i a l  c o n s t r a i n t  t y p e s  a v a i l a b l e  

t o  t h e  u s e r .  





(a) Single Variable Constraints 

This is the simplest form and enables the user to 

impose simple constraints (upper or lower bounds and equalities) 

on any selected micro varibale at any (or several) time periods. 

Since each micro variable is defined (in the program) in units 

of production then it is at this level that the user operates 

(e.g. employment, number of people, quantity of production). 

An example of how these constraints are inserted is given in 

Figure 6. Here the "adds" command instructs the program to 

expect a single'variable constraint. The user then inputs the 

actual constraint in the form shown in Figure 6a, using the 

appropriate sector and region names, together with the time 

period. Relational indicators " < "  implying "<", "> "  implying 

11 2 ,  11=11 for equality and " * "  for "don't care" can be used as 

desired. Figure 6b shows the capability to impose sets of con- 

straints. By using general names "vall" to include all sectors, 

"rail" to include all regions and "9" to include all time per- 

iods, various sets of constraints can be included by one simple 

cornman;. Figure 6c shows the result of the operations in Figures 

6a and 6b which can be obtained by listing the currently active 

single variable constraints. Any single or sub-set of constraints 

can be modified as shown in Figure 6d. The modification is 

done to the right hand side and to the relational indicator for 

the constraint(s) with the matching left hand side. 

(b) Ratio Type Constraints 

In many situations the user may wish to provide some 

relationship between two different variables. For example, it 

may be considered appropriate to have some tie between the numbers 

of people living in different types of housing. Hence, in Figure 

7 we have said that the ratio between single family housing (in 
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* c r o ~ ~ 1 0 d d r 1 9 9 0 ~ < 2 4 0  
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FIGURE 6a: Cornmands to inser t  s ingle variable constraint  

adds 

tveserral l r1985r>lOO 

FIGURE 6b: Commands to inser t  se ts  of s ingle variable 
constraints.  



listrs 

List of extra constraints- 
1: crop lodd 1990 < 240 00 
2: vede lodd 1985 > 100.00 
3: vege kavl 1985 > 100.00 
4: vede bJar 1985 > 100.00 
5: vede lon~n~ 1985 > 100.00 
6: vede lund 1985 > 100.00 
7: vede sand 1985 3 100.00 
8: vede d a l b  1985 3 100.00 
9: vede gens 1985 > 100.00 

10: vede vebe 1985 > 100.00 
11: vege hiar 1985 > 100,OO 
12: vede staf 1985 > 100.00 
13: ve9e akar 1985 > 100+00 
14: vede arlo 1985 > 100*00 
15: vege m a l m  1985 > 100.00 
16: vege oxie 1985 > 100+00 
17: vede bunk 1985 > l O O + O O  
18: ve9e bars 1985 > 100+00 
19: vege sved 1985 > 100 00 
20: vede vell 1985 > 100+00 
21: vede holl 1985 > 100 . 00 
22: vede skan 1985 > 1OO1O0 
23: vege ande 1985 > 100,OO 
24: vege smrg 1985 > 100~00 
25: vege t rel  1985 > 100.00 
26: vede hels 1985 > 100*00 
27: vede land 1985 > 100.00 
28: vede eslo 1985 > 100,OO 
29: vege sjob 1985 > 100 I 00 
30: vede rsta 1985 > 100,OO 
31: vede ande 1985 > l00.00 
32: vede k l i p  1985 > 100.00 
33: vede hass 1985 > 100.00 
34: ve9e horb 1985 > 10ObOO 
35: vede kris 1985 > 100,OO 
36: vede simr 1985 > 100,OO 
37: sin9 lund 1980 > 35000+00 
38: sir13 lund 1985 > 35000.00 
39: sin3 l und  1990 > 35000+00 
40: sing 1 1 ~ r 1 d  1995 > 35000400 
41: sin9 lund 2000 > 35000+00 

> 

FIGURE 6c: List o f  constraints inserted by comiands in Figures a & b 



mods 

L i s t  o f  e x t r a  c o n s t r a i n t s -  
1 :  c ro r  lodd 1990 = 
2: v e 3 e  l odd  1985 > 
3: v e 3 e  k a v l  1985 > 
4: v e g e  bJar  1985 > 
5 :  v e g e  lomrri 1985 $ 
6 :  vesie lund 1985 $ 
7: v e g e  sand 1985 > 
8: v e g e  d a l b  1985 >- 
9:  v e g e  dena 1985 > 

10: v e g e  vebe 1985 > 
11: - ' 9 8 5  >. 

\ 

FIGURE 6d: Command t o  mod i fy  s i  n g l e  v a r i a b l e  c o n s t r a i n t s  



List of ext ra  constraints- 
1 : s ing  lur~d 1980/n1l~l t  lund 1980< 

>. 

FIGURE 7: Comnand t o  i n s e r t  r a t i o  t ype  c o n s t r a i n t  



terms of peop le )  and m u i t i f a m i l y  hous ing i n  t h e  reg ion  of Lund 

i n  1980 shou ld  be l e s s  t h a n  2 . 5 .  The r a t i o  c o n s t r a i n t  i s  added 

w i t h  t h e  "addr "  command. For  t h i s  t y p e  of  c o n s t r a i n t ,  s imple 

r a t i o s  between any two v a r i a b l e s  ( i . e .  any s e c t o r  i n  any sub- 

r e g i o n )  i n  t h e  same t ime pe r iod  can  be d e f i n e d .  Again t h i s  

r a t i o  can  be an upper o r  lower bound o r  an e q u a l i t y .  Ra t i o  t y p e  

c o n s t r a i n t s  can a l s o  be modi f ied a s  i n  t h e  c a s e  of t h e  s i n g l e  

v a r i a b l e  c o n s t r a i n t s .  

(c) Bound Type C o n s t r a i n t s  

I t  i s  o f t e n  u s e f u l  t o  p rov ide  some dynamic c o n s t r a i n t s  

on c e r t a i n  v a r i a b l e s  ove r  t i m e .  These a r e  u s e f u l  t o  a f f e c t  t h e  

r a t e  a t  which t h o s e  v a r i a b l e s  change w i th  t ime.  The u s e r  can  

d e f i n e  such c o n s t r a i n t s  f o r  any s e l e c t e d  v a r i a b l e .  F i g u r e  8  shows 

an example where t h e  c r o p  p roduc t ion  (employment te rms)  i n  t h e  

r e g i o n  of Dalby i s  c o n s t r a i n e d  t o  be g r e a t e r  t han ,  o r  equa l  t o ,  

0.9 of  t h e  l e v e l  a t  t h e  p rev ious  t ime and l e s s  t h a n  o r  equa l  t o  

1.1 t imes  t h e  same v a l u e  ove r  a l l  t ime p e r i o d s .  E q u a l i t y  bounds 

a r e  a l s o  a l lowed.  

(d )  Macro Land C o n s t r a i n t s  

AS d iscussed  e a r l i e r ,  we assume (by d e f a u l t )  t h a t  t h e  

u s e r  de f i ned  m a c r o ' a l l o c a t i o n s  of land  a r e  taken a s  upper bounds. 

The u s e r  i s  f r e e  t o  change any of t h e s e  t o  lower bounds. I n  F igure  

9 e q u a l i t i e s  o r  " d o n ' t  c a r e "  c o n s t r a i n t s  a r e  p laced on a g r i c u l t u r a l  

l and  i n  t h e  Kzvl inge Kommun f o r  a l l  t i m e  per iods  and e q u a l i t i e s  

\n t h e  s lack  land  i n  t h e  Lund Kommun, a l s o  f o r  a l l  t ime p e r i o d s .  

I n  t h i s  c a s e ,  t h e  u s e r  can on ly  change t h e  r e l a t i o n a l  i n d i c a t o r ,  

t h e  r i g h t  hand s i d e  va lue  be ing taken a s  f i x e d  from t h e  p rev ious l y  

de f i ned  a l l o c a t i o n s  i n  Phase 1 ( s e e  F igure  9 ) .  



addb 

f c r o ~ ~ d a l b ~ O v > * 9  
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base 

Time 

yea r  

FIGURE 8: Command t o  i n s e r t  bound t ype  c o n s t r a i n t s  



a g r b  kavk 1980 t 
a g r b  kavk 1985 t 
azirb kavk 1990 t 
azirb kavk 1995 * 
azirb kavk 2000 * 
s l a b  lunk 1980 = 
s l a b  lunk 1985 = 
s l a b  lunk 1990 = 
s l a b  lunk  1995 = 
s l a b  lunk 2000 = 
> 

F IGURE 9: Commands t o  mod i fy  macro l a n d  c o n s t r a i n t s  



Once developed a  set of s p e c i a l  c o n s t r a i x t s  can be 

saved f o r  f u t u r e  r e c a l l ,  hence a  use r  may deve lop s e v e r a l  sets 

of c o n s t r a i n t s  t o  r e p r e s e n t  d i s t i n c t  p lann ing  s c e n a r i o s .  

4 . 4  Phase 3 :  S o l u t i o n  of  Fo recas t i ng  Problem 

Once t h e  u s e r  h a s  developed a  set o f  s p e c i a l  con- 

s t r a i n t s  ( i f  r e q u i r e d )  then  Phase 3 c o n t a i n s  a set of procedures 

which s e t  up and s o l v e  t h e  f o r e c a s t i n g  problem. Using t h e  base 

yea r  a s  a  s t a r t i n g  p o i n t  (1975 f o r  t h e  ~ k s n e  s tudy )  and select- 

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

(e.g. 1980) t h e  f o r e c a s t i n g  problem i s  so lved  t o  g i v e  e s t i m a t e s  

of  t h e  new micro s t a t e .  That is,  t h e  v a l u e  o f  each  sector i n  

each  sub-region.  I n  a d d i t i o n ,  t h e  v a l u e s  of  t h e  performance i n -  

d i c a t o r s  a r e  computed ( a t  t h r e e  l e v e l s :  micro, macro and g l o b a l ) .  

Th i s  procedure  i s  au toma t i ca l l y  repea ted  for '  each subsequent  

p lann ing  pe r i od .  

The u s e r  needs on ly  t o  be concerned w i t h  t h i s  p rocess  

i f  d i f f i c u l t y  was exper ienced i n  f i n d i n g  s o l u t i o n s .  Problems 

w i l l  a r i s e  i f  t h e  u s e r  has  imposed any mutua l ly  c o n t r a d i c t i n g  

c o n s t r a i n t s  r e s u l t i n g  i n  an i n f e a s i b l e  s o l u t i o n .  I n  such c a s e s  

t h e  d i f f i c u l t y  w i l l  be  repo r ted  and t h e  u s e r  w i l l  have t o  go 

back t o  Phases 1 and/or 2 t o  c o r r e c t  t h e  problem. I f  t h e  so lu-  

t i o n  was s u c c e s s f u l ,  t h e  program s t e p s  au toma t i ca l l y  on t o  

Phase 4.  

4 - 5  Phase 4: Repor t ing  Phase 

Phase 4 prov ides  a  v a r i e t y  of  o p t i o n s  f o r  t h e  u s e r  

t o  examine and compare s o l u t i o n s .  By d e f a u l t ,  t h e  program re- 

p o r t s  from t h e  most r e c e n t l y  genera ted  s o l u t i o n ,  b u t  any so lu -  

t i o n  can be s e l e c t e d  by t h e  u s e r .  W e  w i l l  demonst ra te  t h e  

o p t i o n s  a v a i l a b l e  i n  s e v e r a l  c l a s s e s :  
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( a )  Performance Ind ica to rs .  

I t  might be a n t i c i p a t e d  t h a t  t h e  user  may wish t o  

examine t h e  performance i n d i c a t o r s  of h i s  l a t e s t  t r i a l  and 

compare t hese  wi th  prev ious t r i a l s .  A t  t h e  most aggregated 

l e v e l  t h e  r e s u l t s  a r e  a v a i l a b l e  i n  numeric form a s  shown i n  

F igure 1 0 .  Here t h e  r e s u l t s  of two t r i a l s  a r e  shown, w i th  t he  

va lues of each i n d i c a t o r  g iven f o r  each p lanning per iod  in -  

c lud ing  t h e  base year .  Although u s e f u l ,  a  d i r e c t  comparison 

between t h e  two r e s u l t s  i s  d i f f i c u l t  a t  f i r s t  g lance .  To 

a s s i s t  he re ,  a n  a l t e r n a t i v e  g raph i ca l  comparison us ing  a  bar  

c h a r t  i s  a v a i l a b l e  ( see  F igure  11). I n  t h i s  c a s e  up t o  5 i n -  

d i c a t o r s  ( c a l l e d  a c t i v e )  can be s e l e c t e d  f o r  d i sp lay .  Each 

i n d i c a t o r  t a k e s  one l a r g e  b a r ' w i t h  t ime p rogress ing  up t h e  

bar .  So t h e  1980 r e s u l t s  a r e  a t  t h e  bottom of  each b a r  and t h e  

year  2 0 0 0  r e s u l t s  a t  t h e  top.  The base year  r e s u l t  (1975 i n  

t h i s  case )  i s  shown by t he  v e r t i c a l  do t t ed  l i n e .  I n  t h i s  way we 

can e a s i l y  v i s u a l i z e  t h e  t rends  wi th in  each i n d i c a t o r  (over  t ime) 

and make d i r e c t  comparisons between t h e  two s e l e c t e d  s o l u t i o n s  

( t he  l e f t  s i d e  and t h e  r i g h t  s i d e ) .  The s e t  of i n d i c a t o r s  d i s -  

played and t h e  s c a l i n g  on t h e  bar  c h a r t s  can be a l t e r e d  a t  any 

t ime by s imple u s e r  command. 

A t  t h i s  g l o b a l  l e v e l ,  the  user  may wish t o  complete 

some d i r e c t  numer ical  comparison between s o l u t i o n s .  For example, 

f o r  t h e  set of  a c t i v e  i n d i c a t o r s ,  t he  use r  can check a l l  gener- 

a t e d  s o l u t i o n s  f o r  dominance. I n  t h i s  way we can f i n d  o u t  which 

s o l u t i o n s  a r e  worse than  Cor equal  t o )  some o t h e r  s o l u t i o n  f o r  

a l l  o f  t h e  s e t  of  a c t i v e  i n d i c a t o r s .  A s  t h e  s e t  of a c t i v e  per- 

formance i n d i c a t o r s  can e a s i l y  be r e d e f i n e d  ( o r  made t o  be j u s t  

one i n d i c a t o r )  t h i s  f e a t u r e  may wel l  be use fu l  f o r  t h e  use r .  

Out of a  s e t  of s o l u t i o n s  he can e a s i l y  f i n d  t he  one which w i l l  

be bes t  f o r  any s e l e c t e d  i n d i c a t o r .  







Since  each performance i n d i c a t o r  i s  eva lua ted  a t  t h e  

macro and micro l e v e l s  a s  w e l l ,  t h e s e  r e s u l t s  a r e  a l s o  a v a i l a b l e .  

The numerical  r e s u l t s  a r e  a v a i l a b l e ,  i f  d e s i r e d ,  b u t  of more 

immediate use a r e  t h e  graphs a s  i n  F igu res  1 2  and 13.  F igure  

1 2  shows t h e  " l o c a l  r e c r e a t i o n  s tandards "  i n d i c a t o r  from t h e  

~ k $ n e  s tudy a s  i t  v a r i e s  w i th  t ime f o r  each macro reg ion  ( i . e .  

m u n i c i p a l i t y ) .  While F igu re  13  shows the .same i n d i c a t o r  a c r o s s  

t h e  35 sub-reg ions.  Such graphs prov ide  an immediate impact 

of t h e  r e s u l t  and i n  p a r t i c u l a r ,  t h e  v a r i a t i o n s  amongst t h e  

macro and micro reg ions .  To improve r e a d a b i l i t y  of such graphs 

s e l e c t e d  sub-se ts  of r e g i o n s  can be d i sp layed .  Any o f  t h e  per-  

formance i n d i c a t o r s  can be s e l e c t e d  f o r  d i s p l a y  i n  t h i s  manner. 

(b )  The F o r e c a s t  Micro ' s t a t e  

The u s e r  w i l l  a l s o  be i n t e r e s t e d  i n  examining v a r i o u s  

elements of t h e  n i c r o  s t a t e .  Tables shotrinc, t h e  l e v e l s  of 

each s e c t o r  i n  a  s e l e c t e d  reg ion  o r  t h e  va lues  of a  s e l e c t e d  

s e c t o r  a c r o s s  a l l  r eg ions  a r e  a v a i l a b l e .  For example, F igure  1 4  

shows t h e  va lue  of  each s e c t o r  i n  t h e  sub-region of  Loddekopinge 

f o r  each  t i m e  per iod .  Such in fo rmat ion  i s  a l s o  a v a i l a b l e  g raph ic -  

a l l y ,  f o r  example, F igu re  15  shows t h e  l e v e l  of  c rop p roduc t ion  

( i n  employment) f o r  each reg ion  w i th  t ime. F igure  16 shows 

t h e  same b a s i c  d a t a ,  b u t  now i n  terms of  l and  a r e a .  I n  g e n e r a l ,  

t h e r e f o r e ,  t h e  u s e r  can s e l e c t i v e l y  examine any s e c t o r  a c r o s s  

r e g i o n s  o r  any reg ion  f o r  a l l  s e c t o r s  i n  t e r n s  of p roduc t ion  

or l and  conswed  ( a t  t h e  micro l e v e l ) .  The I rqd  c o r s m e d  i s  

a l s o  a v a i l a b l e  i n  a  s p a t i a l  c o n t e x t  a s  shown i n  Fi-e 17.  H e r e  

we have p l o t t e d  t h e  sub-regions i n  t h e  ~ u n i c i ~ a l i t ~  of  Lund 

showing ( s e l e c t i v e l y )  t h e  p ropo r t i on  of land used bl- s i n g l e  and 

mu l t i fami ly  housing,  h e a l t h  and educat ion .  

Comparisons can made d i r e c t l y  between r e s u l t s  from 



1 odd  

R e ~ l o n  - lodd Producilon Volues 
I000 1885 1890 1 8Q5 

crop 221. l QS. 184, 169, 
me0 i 78.  71,  66 ,  61 .  
vege D ,  0. 0 .  0 .  
fore 7 .  7.  6 .  6 .  
food 6 2 8 .  628. 6 2 8 ,  638. 
chern 118. 121. 123. 125. 
equ  i 243. 239. 241. 243. 
o i he 825, 781 . 785. 773, 
ut l l  257. 261. 274. 281. 
p e  1 r 0 .  0 .  0 .  0 .  
who 1 1 I I I .  I I .  1 1 .  
reto 66. 6 5 .  64. 64 .  
p r  1 v 184. 1 QQ . 204. 2 0 6 .  
s i n g  7844. 8034. 8189. 8284. 
m u  1 i 474. 477. 480. 481. 
e d u c  151. 168. 181, 183. 
bea 1 15. 10. , 20. 21. 
pub1 40. 4 8 .  5 5 .  58.  
rood 0 .  0.  0 .  0 .  
roi 1 0 .  0 .  0 .  0 .  
hor b 0 ,  8 .  0. 0 .  
oirp 0 .  0 .  0 .  0 .  
perc I I 12. 12. 12. 
good 10.  1 1 .  1 1 .  1 1 .  
recr 425. 425. 425, 425. 
c 00s 363. 363. 363. 363. 
Current solui ion, No. 3 
> 

FIGURE 14: Tab le  showing f o r e c a s t  m i c r o  s e c t o r s  i n  sub- reg ion  o f  Loddekopinge 











d i f f e r e n t  t r i a l  s o l u t i o n s  by p l o t t i n g  a  second graph us ing 

do t t ed  l i n e s .  F igure  18 ,  shows an example f o r  t h e  va lue  of  

s i n g l e  fami l y  housing (numbers of peop le)  i n  a  s e l e c t e d  s e t  o f  

sub-regions p l o t t e d  f o r  two t r i a l  s o l u t i o n s .  

( c )  C o n s t r a i n t  Dev ia t ions  

Given t h a t  t h e  u s e r  has imposed a  s e t  o f  s p e c i a l  

c o n s t r a i n t s  t o  e f f e c t  a  p lanning po l i cy ,  it may be of  va lue  t o  

know which of t h e  c o n s t r a i n t s  had any r e a l  i n f l u e n c e  on t h e  

s o l u t i o n s  ob ta ined .  Th is  in format ion i s  a l s o  a v a i l a b l e  t o  

t h e  u s e r  though some c a r e  must be exe rc i sed  i n  i n t e r p r e t i n g  

t h e  r e s u l t s .  For  t h e  s e v e r a l  s e t s  of  c o n s t r a i n t s  which a r e  

inc luded i n  t h e  ISP model ( inc lud ing  t h e  s p e c i a l  u s e r  de f ined  

c o n s t r a i n t $ l  t h e  c o n s t r a i n t  d e v i a t i o n s  a r e  a v a i l a b l e .  The 

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

r i g h t  hand s i d e s .  So f o r  an e q u a l i t y  c o n s t r a i n t  we should a l -  

ways expec t  a  zero  d e v i a t i o n .  

For a  s e l e c t e d  t ime per iod t h e  use r  can r e q u e s t  a  

p r i n t -ou t  of t h e  c o n s t r a i n t  d e v i a t i o n s  f o r  any sub-se t  of  

c o n s t r a i n t s  i n  t h e  ISP model. F igure  19 shows an  example f o r  

t h e  d e v i a t i o n s  i n  t h e  macro land c o n s t r a i n t s  ( i .e. t h e  d i f f e r -  

ences between t h e  l and  a l l o c a t e d  and t h a t  a c t u a l l y  used a t  t h e  

macro l e v e l )  and t h e  u s e r  de f ined  s p e c i a l  c o n s t r a i n t s .  F igure  

20 shows d e v i a t i o n s  f o r  t h e  reg ion  b ide  p roduc t ion  c o n s t r a i n t s  

zn_d t h e  reg ion  land  a r e a  c o n s t r a i n t s .  

To z s s i s t  i n  t h e  d i s ~ l a y  of  d a t z  ~ n d  o 2 e r a t i o n  o f  t h e  

se2ortizq 2hzse s e v e r a l  o t h e r  f e a t u r e s  a r e  inc luZsd.  For ex- 

- &-.;jet 51gr1- 21 S;?OWS t h e  "d isp lay "  Table which l e f i n e s  which 

s e c t o r s  and/or r e g i o n s  a r e  a c t u a l l y  d isp layed  i n  t h e  g r a g h i c a l  

p r e s e n t a t i o n s .  The use r  has access  t o  t h i s  Table and by r ,eans 

of  s i z p l e  comands  can make a c t i v e  ( o r  i n a c t i v e )  any s s c t o r ,  
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r eg ion ,  group of s e c t o r s  and group of r e g i o n s .  A lso ,  a s  each 

t r i a l  s o l u t i o n  i s  gene ra ted  an index i s  updated s o  t h a t  t h e  

u s e r  can s e e  a t  a  g l ance  a  b r i e f  r e p o r t  on what s o l u t i o n s  he 

%as s o  f a r  gene ra ted  ( s e e  F igu re  22 ) .  

Phase 4 o f  t h e  ISP system can be used s imply t o  r e -  

p o r t  from and compare s o l u t i o n s  a l r eady  genera ted .  There i s  

no need t o  g e n e r a t e  new s o l u t i o n s  each t ime t h e  system i s  

accessed .  

4 . 6  Phase 5: Documentation Phase 

1-t w i l l  always be  necessary  t o  p repare  d e t a i l e d  r e p o r t s  

o f  s e l e c t e d  t r i a l  s o l u t i o n s .  Such r e p o r t s  can be prepared on 

t h e  l i n e  p r i n t e r .  Cu r ren t l y ,  t h i s  f a c i l i t y  i s  a v a i l a b l e  by a  

s e p a r a t e  program (REPORT) which a l l ows  t h e  u s e r  t o  s e l e c t  t h e  

t y p e ( s )  of  r e p o r t s  r equ i red  and which t r i a l s  he wants t o  be re-. 

po r ted  from. F igure  23 shows and example run of REPOXT. 

The r e p o r t s  b a s i c a l l y  show t h e  v a l u e s  o f  each s e c t o r  i n  each 

reg ion  by both  p roduc t ion  va lue  and l and  a r e a .  A l l  combina- 

t i o n s  of  agg rega t i on  a r e  p o s s i b l e .  Also t h e  va lues  o f  t h e  

o b j e c t i v e s  (performance i n d i c a t o r s )  a t  micro,  macro and g l o b a l  

l e v e l s  a r e  a v a i l a b l e .  

I f  d e s i r e d ,  t h e  u s e r  can a l s o  o b t a i n  a  d e t a i l e d  r e -  

p o r t  of a l l  c o n s t r a i n t  c h a r a c t e r i s t i c s  which i n c l u d e s ,  r i g h t  

hand s i d e  va lue ,  d e v i a t i o n s  and t h e  v ~ l u e  of d u a l  v a r i a b l e s .  

5. OPERATIONAL ENVIRONMENT 

5 .1  User Comands 

The o p e r a t i o n  o f  t h e  IS; =,=;ex i s  c o n t r o l l e d  5y 

use r  comnands. These a r e  t y p i c a l i y  s l ~ ~ g l e  c h a r a c t e r  o r  fou r  

c h a r a c t e r  ( E n g l i s h  l a n g u a g e )  nncr.::-lcs. To ? r o ~ p t  t h e  uszr 



S a v e  p r i n t  o u t  on d i s k  ( r / n >  :n 

O u t p u t  o p t i o n s  - 
1 - User d e f i n e d  macro a l l o c a t i o n  o f  l a n d  
2 - Macro s e c t o r s  i n  Macro r e g i o n s  
3 - Macro s e c t o r s  i n  Mic ro  r e g i o n s  
4 - Mic ro  s e c t o r s  i n  Macro r e g i o n s  
5 - Mic ro  s e c t o r s  i n  Mic ro  r e g i o n s  
6 - T o t a l  P r o d u c t i o n  v a l u e s  
7  - O b j e c t i v e s  
8 - C o n s t r a i n t  c h a r a c t e r i s t i c s  
9 - A l l  a b o v e  

: l r 3 r 7 r 8  

I n p u t  l is t  o f  t r i a l s  t o  b e  r e p o r t e d  (mas 20) 
: 1 

I :  E a s e  s o l u t i o n  a s  p r e p a r e d  b r  G G R  8 FS a t  IIASA f o r  SSK 
I n p u t  C o n s t r a i n t s  f i l e  name: b a s e . c o n  

FIGURE 23: Example r u n  o f  REPORT p rogram 
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( b e g i n n e r )  a t  each phase a  "h"  ( f o r  h e l p )  command a t  any 

s t a g e  w i l l  g i v e  a  l i s t  o f  a p p r o p r i a t e  commands f o r  t h a t  s t a g e .  

I n  g e n e r a l  on l y  a  s i n g l e  l e v e l  of commands i s  used.  Commands 

a r e  o f t e n  fo l lowed by a  s e t  of  arguments which a r e  used t o  

q u a l i f y  t h e  command. F i g u r e s  24a, b ,  c and d  show t h e  "he lp "  

f i l e s  a t  each  o f  t h e  4 i n t e r a c t i v e  phases  of  t h e  ISP system. 

C u r r e n t l y  two commands i n  t h e  Repor t ing  Phase r e q u i r e  a  second 

command l e v e l .  I n  each  c a s e  " h e l p "  f i l e s  a r e  a v a i l a b l e  f o r  

each ,  see F i g u r e s  25a and b. D e t a i l e d  d e s c r i p t i o n s  o f  each  

command i s  g iven  i n  t h e  ISP U s e r  Manual. A b r i e f  summary of 

t h e  commands a v a i l a b l e  i s  g i ven  i n  t h e  Appendix t o  t h i s  r e p o r t .  

I n  a d d i t i o n  t o  t h e  d e f i n e d  command mnemonics, t h e  u s e r  

must  choose a  set  o f  f o u r  c h a r a c t e r  d e s c r i p t i o n s  t o  d e f i n e  t h e  

s e c t o r s  and r e g i o n s  a t  b o t h  macro and mic ro  l e v e l s .  These 

d e s c r i p t i o n s  must a l l  be un ique  and d i f f e r e n t  from t h e  system 

dependent  commands. Throughout t h e  o p e r a t i o n  o f  ISP t h e  u s e r  

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

r e g i o n  r e q u i r e d .  I n  a d d i t i o n ,  c e r t a i n  d e s c r i p t i o n s  a r e  assumed 

t o  i n c l u d e  a l l  o f  a  p a r t i c u l a r  set  o f  c h a r a c t e r i s t i c s  a l l ow ing  

t h e  u s e r  t o  o f t e n  i n c l u d e  whole sets o f  s e c t o r s ,  r e g i o n s  and 

t i m e  p e r i o d s  i n t o  a  s i n g l e  command. Th i s  f e a t u r e  i s  p a r t i c u l -  

a r l y  u s e f u l  when d e f i n i n g  sets of  s p e c i a l  c o n s t r a i n t s .  

5.2 Convergence and U s e r  Learn ing 

Any one t r i a l  s o l u t i o n  n u s t  be viewed a s  an  e x p e r i -  

ment. The respo?-se of t h e  u s e r  t o  t h e  r e s u l t s  o f  t h a t  t r i a l  

n e a n s  t h a t  t h e  u s t r  :?-s l = r r e Z  sz:.e5-1ing o f  t h e  c h a r a c t e r  o f  

h i s  r e g i o n .  The ISP :.;Zel i s  s o  s t r u c t u r e d  t h a t  t h e  u s e r  can  

e a s i l y  r e t u r n  t o  Bkzsss 1 2nd 2 t o  add/change s p e c i f i c  p lann-  

i n g  p o l i c i e s  i n  an eneezvour t o  h p r o v e  t h e  r e s u l t s  i n  t h e  

n e x t  t r i a l  s o l u t i o n .  I n i t i a l l y  t h i s  c y c l i c  p rocess  iraay be 



Allocation phase 
:h 

HELP message for ALLOCATION vhase - 
c - cor~tirlue to SF'ECIAL CONSTRAINTS phase 
v - verify macro land allocation 
d - disrlar table of land allocation 
n - step to next time period 
b - go back to ~ rev ious  time reriod 

- modify element in allocation 
9 - graph allocation 
i - ignore errors when stepring to next time period 
s - save macro land allocation on disk 
r - read new macro land allocation from disk 
: c 

FIGURE 24a: Help f i l e  f o r  A l locat ion  phase 

Special constraint phase - 
>- h 

H E L P  message for S P E C I A L  CONSTRAINTS phase - 
ront - continue on to S O L U T I O N  ~ h a s e  
list - list special constraints 
back - 30 back to A L L O C A T I O N  phase 
save - save special constraints on disk 
read - read special constraints from disk 
wipe - remove sets of special constraints 
help - type this message 
adds - to add sindle variable constraints 
addr - to add ratio of two variables constraints 
addb - to add bound trve cor~strair~t 
addm - to add macro variable contraint 
n~ods - to ntodifr single variable constraint 
n~odr - to ~ 1 0 d i f ~  ratio trve constraint 
modb - to nlodifr bound type constraint 
n~orjm - to nrodifr macro variable constraint 
>.con t 

-,... . - FIGS?= L - 2 :  - G I ?  i j 's T c r  5zscial C o n s t r a i n t  pkfase 



S o l u t i o n  p h a s e :  
.:.he 1 P 

HELP m e s s a g e  f o r  SOLUTION p h a s e  - 
c o n t  - c o n t i n u e  t o  s o l v e '  
s k i p  - s k . i r  t o  REPORTING r h a s e  
h e l p  - t r v e  t h i s  n ~ e s s a g e  
::. c 0 rl t 

FIGURE 24c: Help f i l e  f o r  So lu t i on  phase 

R e p o r t i n g  p h a s e  
C u r r e n t  s o l u t i o n :  No, 1 
;:. h  

HELP m e s s a g e  f o r  REPORTING p h a s e  - 
c o n t  - c o n t i n u e  o n  t o  ALLOCATION p h a s e  
e x i t  - t o  t e r m i n a t e  vrosiram 
show - t o  e x a m i n e  o b j e c t i v e s  
se lect  - t o  se lec t  a  s o l u t i o n  f o r  r e p o r t i n g  
res t  - t o  r e s t o r e  mac ro  l a n d  a l l o c a t i o n  f r o m  s e l e c t e d  s o l u t i o n  
I -~ond - t o  l is t  non-domina ted  s o l u t i o n s  
d i s r  - t o  e x a n ~ i n e / m o d i f r  d i s r l a r  t a b l e  
d e v i  - t o  e:.:anline c o r ~ s t  r a i n t  d e v i a t i o n s  a n d  ~ 1 0 d i f  r macro  l a n d  
l ist  - l is ts s o l u t i o n s  i n  RESULT f i l e  
h e l p  - t r ~ e  t h i s  m e s s a g e  
*%t* - r e f e r  t o  manual  f o r  con ln~ar~ds  t o  l i s t . / g r a ~ h  d a t a  
C u r r e n t  s o l u t i o n :  No, 1 
::. d  i s P 

FiSU2E 2 4 d :  H e l p  f i l e  f o r  R e p o r t i n g  ph?se 



HELP message f o r  ' d i s r '  command 
i - i n s e r t  s e c t o r / r e g i o n  
d - d e l e t e  s e c t o r / r e S i o n  
1 - l is t  d i s p l a y  t a b l e  
r  - r e s t o r e  a11  r e g i o n s  and s e c t o r s  t o  a c t i v e  
z - remove a11  s e c t o r s  and r e g i o n s  
c - t o  r e t u r n  to main con~n~ar~d  l e v e l  
h  - t r re  t h i s  message * 

FIGURE 25a: Help f i l e  fo r  "disp" command 

C l ~ r r e n t  s o l u t i o n :  No. 1 
>-show ? s 

HELP message f o r  'show r s '  cornntand 
1 - l ists o b j e c t i v e  d e f i n i t i o n s  
d - t o  make o b j e c t i v e  i n a c t i v e  
a  - t o  a c t i v a t e  o b j e c t i v e  
KI - t o  modify c h a r a c t e r i s t i c s  
c - t o  r e t u r n  t o  main con~mand l e v e l  
h  - t rre t h i s  message * 

- - * p , , 7 -  m-q  

, ~ 2 3 :  Kelp f i l e  f o r  " show ,sU  command 



- 5 4  - 
r a t h e r  u n d i r e c t e d  and random, b u t  it i s  a n t i c i p a t e d  t h a t  a s  

t h e  u s e r ' s  e x p e r i e n c e  grows, he w i l l  be a b l e  t o  make more con- 

s i s t e n t  a d j u s t m e n t s  t o  h i s  p l a n n i n g  p o l i c i e s .  

There  i s  no s p e c i f i c  a i d s  i n  t h e  sys tem t o  d i r e c t  

t h e  u s e r  i n  any  p a r t i c u l a r  d i r e c t i o n  a t  t h e  moment. I n  t h e  

f u t u r e  some h e l p  h e r e  may be  p o s s i b l e  (see S e c t i o n  6 ) .  W e  

a r e  v e r y  c o n s c i o u s ,  however,  t o  a v o i d  making v a l u e  judgements 

w i t h i n  t h e  model .  The changes  a  u s e r  w i l l  make t o  s e e k  a  

change i n  b a l a n c e  o r  t r a d e - o f f  amongst t h e  pe r fo rmance  i n d i c -  

a t o r s  i s  h i g h l y  s u b j e c t i v e .  W e  b e l i e v e  t h a t  t h e  u s e r  shou ld  

mzke t h o s e  judgements.  The e a s e  i n  which new p l a n n i n g  p o l i c i e s  

can b e  f o r m u l a t e d  i n  t h e  model and  e v a l u a t e d  s h o u l d  a s s i s t  a  

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

p r o s p e c t i v e  u s e r .  We do  e x p e c t ,  however, t h a t  i n  t h e  i n i t i a l  

s t a g e s  many t r i v i a l  and o r  r a t h e r  u s e l e s s  t r i a l s  may be gener -  

a t e d ,  b u t  t h i s  must  be  a c c e p t e d  a s  a  p a r t  o f  t h e  l e a r n i n g  p ro-  

c e s s .  

Over a  p e r i o d  o f  t ime  t h e  u s e r  s h o u l d  aim t o  deve lop  

a s m a l l  set  o f  "good" s o l u t i o n s  which may need much more d e t a i l -  

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

p lemented.  I n  f a c t  w e  d o  n o t  see t h e  ISP sys tem a s  a  means o f  

d e r i v i n g  a  s i n g l e  " i d e a l "  p l a n n i n g  scheme, b u t  r a t h e r  a  mech- 

an ism t o  g e n e r a t e  and t e s t  a l t e r n a t i v e  p o l i c i e s .  

.- - -?.s c u r r e n t  s t a t e  of c s v s l c ; ~ . z r - t  o f  tks I S P  sys tem 

- - - -  uc=3 i5:9r2 s~ r . 2  major  elernents i n  t 5 e  r : z e ~ l l i ? 9  cr' r e g i o n a l  

-.--I =_. = L ~ ? , ~ .  C-ivsn some c o n t i n u e d  sl :?~ort  ~ n d  i n t e r e s t  i n  t h e  

m-' s-:stein it i s  i n t e n d e d  t h a t  t h e s e  a r s z s  ke  i r . ? l ~ ~ ~ ~ ~ t z d .  ~ r . e  

- 5 ' 2 ~  elsrr . - .ks a r e  a s  fo l lo l . . :~ :  



( a )  T r a n s p o r t a t i o n  

C u r r e n t l y  no formal i n c l u s i o n  i s  al lowed f o r  t h e  

t r a n s p o r t a t i o n  network and t r a n s p o r t a t i o n  f lows (commuting, 

e t c . ) .  I t  i s  i n tended  t h a t  a  sub-model be developed and i n -  

c luded so  t h a t  t h e  r e l a t i o n s h i p s  between l and  use and t h e  

t r a n s p o r t a t i o n  system can be e x p l i c i t l y  i nc luded .  Th is  w i l l  

mean t h a t  t h e  g i ven ,  and p r o j e c t e d ,  network w i l l  be a b l e  t o  

c o n s t r a i n  t h e  a l l o c a t i o n  of  land s o  t h a t  no l i n k a g e s  i n  t h e  

network exceed t h e i r  de f i ned  c a p a c i t i e s .  I t  i s  n o t  in tended 

t h a t  t h i s  sub-model w i l l  be a f u l l y  f l edged  t r a n s p o r t a t i o n  

model, b u t  i n s t e a d  a  s i m p l i f i e d  one. 

(b )  Renewable Resources 

Resources such a s  energy,  wa te r ,  f i n a n c e  can a l l  

p l a c e  c o n s t r a i n t s  on development. We p lan  t o  deve lop s u i t a b l e  

sub-models t o  hand le  t h e s e  c h a r a c t e r i s t i c s  s o  t h a t  l and  use  

a l l o c a t i o n s  s t a y  w i t h i n  t h e  l e v e l s  o f  t h e  demand f o r  va r i ous  

t ypes  of  renewable resources .  

(c)  Data Base Management 

T o  d a t e  l i t t l e  e f f o r t  has  been s p e n t  on t h e  r e q u i r e -  

ments t o  update  and ma in ta in  t h e  d a t a  bases  r e q u i r e d  by t h e  

ISP system. Some a d d i t i o n a l  work i s  r e q u i r e d  i n  t h i s  a r e a  t o  

enab le  u s e r s  t o  c o r r e c t  d a t a ,  make changes t o  b a s i c  d a t a  

e lements  and t o  g e n e r a l l y  n ~ i n ~ i n  t h e  c o s p l e t e  s e t  of d a t a .  

(dl  Graph ica l  D isp lays  

. . . . Although t h e  qrE;-:= ;r ~ s ~ - ~ s c : l r . s  a r e  now o p e r a t i o 7 , ~ l  

- .  t h e r e  w i l l  always be a zee5 =s rErlne c r  r s f o r n a t  c e r t a i n  

. ,  t ypes  of d i s p l z y .  :.'e i ~ o u l d .  2 1 2  : i a l cc - s  - - =  -.., o p p o r t i ~ n i t y  t o  

* .  . . ? .  f u r t h e r  exkcad. khs crzphic~l  ~ ~ ; ~ . ~ 1 1 1 t : s s  :.-ith co lou r  qr.:r;;.r. :IS. 



( e )  Complex S p e c i a l  C o n s t r a i n t s  - - - 

I t  i s  p lanned  t o  i n c o r p o r a t e  more complex forms o f  

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

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

and r a t i o  t y p e  c o n s t r a i n t s  w i l l  be enhanced t o  i n c l u d e  a  

summation o f  t e r m s  on  t h e  l e f t  hand s i d e s .  

( f )  E f f i c i e n c y  o f  S o l u t i o n s  

C u r r e n t l y  no s p e c i f i c  g u i d a n c e  i s  g i v e n  t o  t h e  u s e r  

a s  t o  t h e  e f f i c i e n c y ,  o r  o t h e r w i s e ,  o f  any  s o l u t i o n  e x c e p t  

f rom d i r e c t  compar i sons  w i t h  s o l u t i o n s  a l r e a d y  g e n e r a t e d .  

W e  would l i k e  t o  be  a b l e  t o  i n c l u d e  t h e  f a c i l i t y  t o  g e n e r a t e  

uppe r  and l o w e r  bounds f o r  e a c h  per fo rmance  i n d i c a t o r  by op- 

t i m i z i n g  e a c h  i n d i v i d u a l l y .  Such a  p r o p o s a l  g e n e r a t e s  com- 

p l e x  p rob lems ,  b u t  w i t h i n  c e r t a i n  l i m i t s  i t s h o u l d  be  poss -  

i b l e  f o r  a t  l e a s t  some o f  t h e  per fo rmance  i n d i c a t o r s .  Any 

g e n e r a t e d  s o l u t i o n  c o u l d  t h e n  be  compared w i t h  t h i s  d a t a  t o  

g i v e  the u s e r  some i d e a  o f  whe ther  he  s h o u l d  e x p e c t  s i g n i f i c a n t  

improvements  i n  any  i n d i c a t o r .  
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1. D e f i n i t i o n s  

A l t e r n a t i v e  a rguments  a r e  shown i n  { and o p t i o n a l  
a rgumen ts  a r e  shown i n  [ . . I .  The f o l l o w i n g  a rguments  have 
t h e  meanings i n d i c a t e d :  

micv: means any v a l i d  m i c r o  v a r i a b l e  name and 
i n c l u d e s  " v a l l "  

m ic r :  means any v a l i d  m i c ro  r e g i o n  name and 
i n c l u d e s  " r a l l "  

macv: means any v a l i d  macro v a r i a b l e  name and 
i n c l u d e s  "valm" 

macr: means any v a l i d  m c r o  r e g i o n  name and 
i n c l u d e s  "ralzi", " rou t "  and " r e x t "  

t ime :  means any  v a l i d  y e a r  l a b e l  i n c l u d i n g  "0" 

v a l u e :  means any v a l i d  numer ic  v a l u e  

k , k l , k2 :mean  a n  a n  i r t e g e r  v a l u e  

f i l e :  mqans a  v a l i d  d i s k  f i l e  name (up  t o  10 
c h a r a c t e r s )  

<cr>: means a  " c a r r i a g e  r e t u r n "  

2. Phase  1 Commands: Macro A l l o c a t i o n  of Land 

c c o n t i n u e  t o  P h a s e  2 
d  d i s p l a y  t a b l l e  of  a l l o c a t i o n  
v  v e r i f y  a l l o c a t i o n  
n  s t e p  t o  n e x t  time 
b  go back t o  p r e v i o u s  t i m e  

g p l o t  map o f  macro a l l o c a t i o n  
g ,  {macv,macr} ,  [ l ]  p l o t  g r a p h  of  macro a l l o c a t i o n  

v e r s u s  t i m e  
m,macv,rnacr,value modi fy e l emen t  i n  macro 

a l l o c a t i o n  
s s a v e  on d i s k  f i l e  c u r r e n t  macro l and  

a l l o c a t i o n  
r r e a d  i r o n  d i s k  f i l e  new macro 

l a n d  a l l o c a t i o n  - 
i i g n o r e  i n c o n s i s t e n c i e s  
h l i s t  co=:.?s 



1 .  Phase 2 :  S p e c i a l  C o n s t r a i n t s  

c o n t  c o n t i n u e  t o  Phase  3 
back go back t o  Phase  1 
l i s t ,  [m ,k ]  l i s t  s e t s  of s p e c i a l  c o n s t r a i n t s  
w i p e , { s , r , b , m , a }  remove s e t s  of s p e c i a l  c o n s t r a i n t s  
s a v e  s a v e  on d i s k  c o n s t r a i n t  d a t a  
r e a d  read  f rom d i s k  c o n s t r a i n t  d a t a  
a d d s < c r >  
micv,micr, t ime,{<,=,>,*}value 

add s i n g l e  v a r i a b l e  t y p e  c o n s t r a i n t  
mods <c r> 
micv,micr,time,{<,=,>,*}value,[{r,F)],[k] 

modi fy  s i n g l e  v a r i a b l e  t y p e  
c o n s t r a i n t  

a d d r < c r >  
micv , m i c r ,  t i m e ,  / 
m i c v , m i c r ,  t i m e ,  {<,= , > , * } v a l u e  

add r a t i o  t y p e  c o n s t r a i n t  
modr<c r>  
m i c v , m i c r , t i m e , /  
micv,micr,time,{<,=,>,*}value, [ r , k ]  

mod i f y  r a t i o  t y p e  c o n s t r a i n t  
a d d b < c r >  
m i c v , m i c r , t i m e ,  { < , = , > , * ) v a l u e  

add bound t y p e  c o n s t r a i n t  
mod b < c r >  
micv,micr,t ime,{<,=,>,*}value, [ r , k ]  

mod i f y  bcund t y p e  c o n s t r a i n t  
addm<cr> 
macv ,mac r , t i ne ,  I < , = , > , * )  

add macro l a n d  c o n s t r a i n t  
modrn<cr> 
macv,macr,  t ime ,  { < , = , > , * I  

modi fy  macro l a n d  c o n s t r a i n t  
h e l p  p r i n t s  l i s t  of comnands 

4. Phase  3: S o l u t i o n  of Problem 

c o n t  
s k i p  

h e l p  

c o n t i n u e  and s o l v e  problem 
go s t r a i g h t  t o  Phase  4 w i t h o u t  
s o l v i n g  problem 
l i s t  commands 

5.  PHase 4: R e p o r t i n g  P h a s e  

c o n t  r e t u r n  t o  P h a s e  1 
e x i t  t e r m i n a t e  ISP 
s e l e c t ,  [ k ]  s e l e c t  a new s o l u t i o n  f o r  r e p s r t i z g  
r e s t  r e p l a c e  c u r r e n t  m c r o  a l l o c ~ c i o n  



ui t h  t \ ra t  one  f ro la t!lc r o i  lenHy 
s c ~ l e c t c d  s o l u t i o n  

nond l i s t  non-dominated s o l u t i o n s  
s h o w , [ { m , i )  I ,  [ { t i m e , k 1 ) 1  , [ I ]  

t o  examine o b j e c t i v e s  by g r a p h  o r  
t a b u l a r  p r e s e n t a t i o n  

s h o w , c , k l , k 2  t o  compare any two s o l u t i o n s  by 
b a r  c h a r t  

s h o w , s < c r >  
{ l  , d , a , m , h , c ) ,  [kl , ( V a l 1  , v a l 2 ] ,  [ {min ,max) l  

t o  examine lmod i f y  o b j e c t i v e  
c h a r a c t e r i s t i c s  

r a l l , g ,  t ime  t o  p l o t  map of a l l  macro r e g i o n s  
showing macro land  u s e s  

{macv,macr)  , g ,  [ 1 ]  t o  p l o t  g r a p h  of macro land  
u s e s  v e r s u s  t ime 

{micv,micr),[{p,l)l,[{1,-1)1 
t o  d i s p l a y  m i c r o  s o l u t i o n  by 
g r a p h  o r  t a b l e  

{macr )  , g , t i m e  t o  p l o t  map of  macro r e g i o n  
showing m i c r o  l a n d  u s e s  i n  
m i c r o  r e g i o n s  

d e v i , { f , p , l , m , s , r , }  , [ t h e ]  
examine c o n s t r a i n t  c h a r a c t e r i s t i c s  

d i s p < c r >  
{ i ,d , l , c , r ,~ ,h ) , [ {m i~v ,mic r ,macv ,nacr ) ] ,  ... 

t o  examine lmod i f y  t h e  d i s p l a y  t a b l e  
l i s t  l i s t  i n d e x  o f  s o l u t i o n s  on 

r e s u l t s  f i l e  
h e l p  l i s t  commands 


