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PREFACE 

The p resen t  paper con ta ins  a  d e s c r i p t i o n  of an i n t e g r a t e d  

economic f lows ba lance adapted t o  t h e  needs of analyz ing depen- 

denc ies between s t r u c t u r a l  elements of a  reg iona l  system and 

f a c t o r s  of n a t i o n a l  o r  i n t e r n a t i o n a l  environment. 

The ba lance revea ls  i d e n t i t y  r e l a t i o n s  between main economic 

i n d i c a t o r s  which j o i n t l y  g ive  an exhaus t ive  enough p i c t u r e  of t h e  

economic aspec t  of a  reg iona l  system. The c l a s s i f i c a t i o n  of  t h e  

balance presented  i n  t h e  paper inc ludes  a l l  v a r i a b l e s  a t  a  

reg iona l  l e v e l  which a r e  used i n  models of s e p a r a t e  economic pro- 

cesses  developed f o r  t h e  Tuscany reg ion i n  I t a l y ,  and i t f u l f i l l s  

t h e  func t ion  of a  common d a t a  base and in fo rmat iona l  l i nkage of 

models. The balance may a l s o  be i n t e r p r e t e d  a s  a  c losed,  s t a t i c  

flow model of t h e  r e g i o n a l  system w i th in  a  n a t i o n a l  one. 

I n  t h e  second p a r t  of t h e  paper t h e  procedure i s  s e t  o u t  

how t o  use t h e  ba lance a s  a  model which a l lows one t o  f i n d  t h e  

va lues  corresponding t o  i d e n t i t i e s  under d i f f e r e n t  c o n s t r a i n t s  

on s e p a r a t e  elements of  t h e  i n t e g r a t e d  economic ba lance.  I n  

t h i s  q u a l i t y  ( capac i t y )  t h e  balance may be used a s  a  t o o l  f o r  

f unc t i ona l  l i nkage  of s p e c i f i c  models desc r ib ing  t h e  economic 

aspec t  of reg iona l  development. 

Bor is  I ssaev  
Leader 
Regional Development 

Group 

Laxenburg, March 1 9 8 2  



INTEGRATED ECONOMIC BALANCE: 
ADJUSTMENT PROCEDURES 

B. I ssaev  
A. Umnov 

INTRODUCTION 

I n  t h e  n a t i o n a l  d i v i s i o n  of  l a b o r  economic reg ions  p lay  

a  r o l e  s i m i l a r  t o  t h a t  of c o u n t r i e s  i n  t h e  world economy. 

Within a  comprehensive n a t i o n a l  system, they may be cons idered 

a s  su.bsystems which con ta in  i n  a  framework of determined space 

a l l  e s s e n t i a l  e lements o f  t h e  whole system. Any reg iona l  

subsystem i s  open i n  r e s p e c t  of t h e  n a t i o n a l  one and i n t e r a c t s  

w i th  t h e  l a t t e r  through t h e  exchange of some of t h e  o b j e c t i v e  

elements i nhe ren t  t o  reg iona l  and n a t i o n a l  ( i nc lud ing  t h e  

" r e s t  of  wor ld")  systems. The open r e g i o n a l  subsystem may 

be cons idered a s  c losed  i f  t h e  "ex te rna l "  o r  n a t i o n a l  p a r t  i s  

e x p l i c i t l y  inc luded i n t o  t h e  reg iona l  sys tem's  model. 

I n  t h e  c a s e  of  a  reg ion ,  f o r  i n s t a n c e ,  Tuscany i n  I t a l y ,  

it i s  h igh ly  impor tant  p r a c t i c a l l y  t o  see  t h e  reg ion a s  an 

i n t e g r a t e d  uni t ,  which responds t o  n a t i o n a l  and i n t e r n a t i o n a l  

i n f l uences  a s  an economic a s  w e l l  a s  a  phys i ca l  system. What 

would be t h e  r e g i o n ' s  ba lance of  payments o r  ba lance of c la ims 

and l i a b i l i t i e s ;  what f lows of goods, l a b o r ,  and c a p i t a l  would 

be a f f e c t e d  by e x t e r n a l  and i n t e r n a l  events  o r  po l i cy  f a c t o r s ;  

what would be t h e  behav ior  of t h e  r e g i o n a l  system on t h e  b a s i s  

of  e x i s t i n g  economic mechanism of i t s  func t ion ing  w i th in  t h e  



coun t ry  - a l l  t h e s e  q u e s t i o n s  may be answered on ly  

a f t e r  j o i n t  c o n s i d e r a t i o n  o f  a l l  economic p rocesses  i n  

t h e  reg ion  and i n  t h e  r e g i o n ' s  r e l a t i o n  w i th  t h e  o u t s i d e  wor ld.  

A s p e c i f i c  t o o l  o f  a n a l y s i s  i s  needed f o r  t h i s  pu rpose -an  

i n t e g r a t e d  economic ba lance  ( I E B ) .  The a n a l y t i c a l  f u n c t i o n  

o f  t h i s  ins t rument  i n  r e s p e c t  o f  t h e  reg ion  a s  a  soc io -  

economic system would be t h e  same a s  L e o n t i e v ' s  inpu t -ou tpu t  

model i n  t h e  r e s p e c t  o f  a  p h y s i c a l  p roduc t ion  sys tem c o n s i s t i n g  

o f  a  set of p roduc t  ba lances .  The inpu t -ou tpu t  t a b l e  o f  

Leon t iev  l i n k s  t o g e t h e r  o u t p u t s  and i n p u t s  o f  s p e c i f i c  goods. 

I n t e g r a t e d  economic ba lance  shou ld  l i n k  "ou tpu t s "  and " i n p u t s "  

o f  a l l  e lements  and a c t i v i t i e s  i n  t h e  r e g i o n a l - n a t i o n a l  system 

t o  t h e  e x t e n t  t o  which they  e n t e r  i n t o  t h e  economic t u rnove r  of 
t h e  system. 

PART I. INTEGRATED ECONOMIC BALANCE OF A REGIONAL SYSTEM 

1 .1. APPROACH 

A r e g i o n a l  sys tem w i t h i n  a  coun t ry  i n c l u d e s  i n  p r i n c i p l e  

a l l  e lements  o f  t h e  n a t i o n a l  economy: 

-- a l l  p h y s i c a l  and va lue  f lows i n  t h e  p rocess  o f  

r ep roduc t i on  (ou tpu t  and consumption o f  goods and 

s e r v i c e s ;  g e n e r a t i o n ,  d i s t r i b u t i o n ,  and f i n a l  use o f  - 
. . 

n a t i o n a l  income; accumulat ion o f  t h e  p roduc t ;  supp ly  

and use o f  c a p i t a l ;  supp ly  o f  money and a l l  a t t r i b u t e s  

o f  t h e i r  func t ion ing- -p r i ces ,  i n t e r e s t  r a t e s ,  

wages, e t c . ;  s t o c k s  o f  c a p i t a l  i n  r e a l  and va lue  

t e r m s ;  accumulated wea l th ,  e tc .  ) ; 
-- a l l  components o f  t h e  n a t u r a l  environment ( n a t u r a l  

r esou rces  and c o n d i t i o n s )  ; 
-- a l l  components o f  socio-demographic p a t t e r n s  (popu- 

l a t i o n  and i t s  rep roduc t i on ,  s e t t l e m e n t  sys tem,  p u b l i c  

s e r v i c e s ,  l a b o r  r e s o u r c e s ,  and l a b o r  market ,  e t c . ) ;  

-- elements  o f  c o u n t r y ' s  manager ia l  s t r u c t u r e  (dec i s i on -  

making c e n t e r s  a s  p a r t  of  t h e  n a t i o n a l  o r g a n i z a t i o n  

o f  socio-economic management. 

A comprehensive model o f  a  reg ion  a s  a  socio-economic 

subsystem shou ld  t h u s  be formed from t h e  set of  e lements  common 

f o r  t h e  whole n a t i o n a l  system and shou ld  r e f l e c t  f o r  t h e s e  



elements  t h e  a c t u a l  i n t r a r e g i o n a l  and " e x t r a "  r e g i o n a l  l i n k s .  

The problem i s  how t o  l i n k  p h y s i c a l  va lues  ( t o n s ,  number o f  

pe rsons ,  c a p a c i t i e s ,  e t c . )  i n t o  a n i n t e g r a t e d  "economic" system, 

f o r  which t h e  u n i t y  between p h y s i c a l  c h a r a c t e r i s t i c s  and s o c i a l  

va lue  o f  e lements  i n  t h e  p rocess  o f  rep roduc t ion  i s  e s s e n t i a l .  

Two b a s i c  p r i n c i p l e s  o f  approach may h e l p  t o  r e s o l v e  t h e  

problem: 

1 .  t o  c o n s i d e r  a l l  p rocesses  and even ts  i n  socio-economic 

r e a l i t y  from t h e  p o i n t  of  view o f  money ( i n  a l l  f o r m s ) ;  

2. t o  l i n k  f lows (and s t o c k s )  o f  money i n  t h e  model th rough 

e x p l i c i t  i n d e n t i f i c a t i o n  o f  payers  and r e c e i v e r s  ( o r  

c r e d i t o r s  and d e b t o r s ) ,  a s  it i s  u s u a l l y  done i n  t h e  

n a t i o n a l  accoun t ing .  

The f i r s t  p r i n c i p l e  p rov ides  t h e  common u n i t  o f  measurement 

f o r  a l l  e lements  o f  t h e  "economic" sys tem and a l lows  t o  i n t e g r a t e  

i n  va lue  t e r m s  e v e r y t h i n g  which i s  invo lved i n  t h e  p roduc t ion  o f  

goods and s e r v i c e s ,  g e n e r a t i o n  and use o f  income, use o f  and 

rep roduc t i on  17f a l l  k i nds  o f  r esou rces .  I t  a l s o  i m p l i e s  p r i c e s  

and o t h e r  s i m i l a r  measures o f  equ iva lence  r e l a t i o n s  between 

p h y s i c a l  e lements .  

The second i m p l i e s  the i n t e r p r e t a t i o n  o f  t h e  r e q i o n a l  

economy a s  a  mu l t i -aspec t  c l o s e d  system, which fo rma l l y  may 

be desc r i bed  by an o r i e n t e d  Eu le r  graph,  i n  which t h e  nodes 

a r e  t h e  sys tem 's  e lements ,  t h e  edges a r e  f lows o f  money 

r e l a t e d  t o  economic a c t s  i n  t h e  p rocess  o f  r ep roduc t i on .  

The fo l low ing  s i m p l i f i e d  schemes i l l u s t r a t e  t h e  above 

approaches (F igu res  1 and 2 ) .  

P r e s e n t a t i o n  o f  economic r e l a t i o n s  between p roduc t i ve  

s e c t o r s ,  households ,  s t a t e ,  and t h e  " r e s t  g f  wor ld"  th rough 

f lows o f  va lues  a l lows  t o  c o n s t r u c t  a  cl-osed system i n  which 

t h e r e  a r e  c i r c u i t s  o f  edges which l i n k  each node w i t h  any o f  

t h e  o t h e r s  and t h e  va lue  o f  incoming edges i n  each node i s  

equa l  t o  t h e  va lue  o f  ou tgo ing  ones.  Th is  cou ld  n o t  be ach ieved  

i f  on l y  p h y s i c a l  f lows w e r e  cons ide red .  

Systems o f  t h i s  t ype  may be p r e s e n t e d  i n  t h e  form o f  a  

set of ba lances  l i n k e d  through a  double reco rd ing  o f  each 

q u a n t i t y  a s  a  resou rce  o f  one and an  expend i t u re  o f  t h e  o t h e r  
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Flows o f  Values Phys i ca l  Flows 

F igure 2 .  Graphs o f  economic f lows i n  va lue and q u a n t i t y .  

ba lance  (F igure  1 )  i n  t h e  form of  a  graph i n  which each node 

cor responds t o  a  s p e c i f i c  ba lance ( o r  a c c o u n t ) ,  a s  a  system 

o f  node i d e n t i t i e s  and i n  t h e  form of  a  square  ma t r i x  i n  which 

each row p a i r  and column c r o s s i n g  on a  main d iagona l  cor responds 

t o  a  s p e c i f i c  ba lance .  

The model of i n t e g r a t e d  economic ba lance  i n  t h i s  p resen ta -  

t i o n  is  s t a t i c .  I t  r e f l e c t s  t h e  p r i n c i p l e  o f  c o n s t a n t  f lows o f  

va lues .  But it may a l s o  be app l i ed  a s  a  d e s c r i p t i o n  of dynamics 

i n  a  c inemat ic  way and a s  a  sequence o f  s t a t i c  ba lances  i n  which - 

t h e  va lue  of  some nodes i n  each ba lance  i s  determined through 

t h e  va lue  of t h e  same o r  some o t h e r  nodes i n  t h e  preceeding ( o r  

i n  t h e  sequence o f  p receed ing)  ba lances .  I n  a  more e x p l i c i t  

way dynamics might be r e f l e c t e d  i f  s t o c k s  o f  funds ( i n  r e a l  

and va lue  t e r m s )  a t  t h e  beg inn ing and a t  t h e  end o f  each y e a r  

w e r e  i nc luded  i n t o  t h e  scheme o f  i n t e g r a t e d  economic ba lance 

(F igure  3 )  . The sequence o f  y e a r l y  ba lances  f o r  a  pe r i od  

embracing many y e a r s  a l s o  may be p resen ted  i n  t h e  form of  an 

Eu le r  graph o r  square  ma t r i x .  

To c o n s t r u c t  an IEB f o r  a  r e a l  r e g i o n a l  system means t o  

determine nodes adequate ly  r e f l e c t i n g  t h e  composi t ion o f  t h e  

system i n  i t s  d i f f e r e n t  a s p e c t s  and t o  measure t h e  va lue  of  

e x i s t i n g  f lows between t h e  nodes. I n  o t h e r  words a  p roper  

c l a s s i f i c a t i o n  f o r  t h e  ba lance ,  i t s  scheme, and i t s  q u a n t i f i -  

c a t i o n  c o n s t i t u t e  t h e  a c t u a l  e l a b o r a t i o n  o f  an I E B .  



Figure 3. A time-series of integrated economic balances. 



1.2.  COVERAGE OF THE I E B  AND I T S  RELATION TO MODELS OF 
SPECIFIC ASPECTS OF F.EGIOP,?AL ECONOYY 

An i n t e g r a t e d  economic ba lance  of a  reg ion  based on metho- 

d o l o g i c a l  p r i n c i p l e s  mentioned above does n o t  d e s c r i b e  i n  an 

exhaus t i ve  way a l l  o b j e c t i v e  e lements o f  a  r e g i o n a l  system. 

Phys i ca l  e lements and p rocesses  which cannot  be eva lua ted  

i n  monetary t e r m s  cou ld  n o t  be d i r e c t l y  inc luded  i n t o  t h e  

scheme o f  t h e  I E B  ( e c o l o g i c a l  p rocesses ,  p o l l u t i o n  o f  t h e  

envi ronment,  demography). But a l l  e lements  o f  a  r e g i o n a l  

system and a l l  a c t i v i t i e s  which c o n s t i t u t e  t h e  economic t u rn -  

over  may be covered: 

-- a l l  o p e r a t i o n s  w i th  m a t e r i a l  goods and s e r v i c e s  

(p roduc t ion ,  i n te rmed ia te  and f i n a l  consumption, 

impor ts  and e x p o r t s ,  changes i n  s t o c k s  o f  inven- 

t o r i e s  and f i x e d  c a p i t a l ,  d e p r e c i a t i o n  and l o s s e s  

o f  f i x e d  c a p i t a l ,  f a c t o r  s e r v i c e s ,  wea l th ,  etc . )  ; 
-- a l l  o p e r a t i o n s  w i th  incomes ( c r e a t i o n  o f  n a t i o n a l  

income, i t s  t r ans fo rma t i on  i n  s p e c i f i c  t ypes  o f  income 

f o r  pr imary d i s t r i b u t i o n  and r e d i s t r i b u t i o n ,  t r a n s -  

f e r s  o f  income, format ion o f  f i n a l  income of economic 

agen ts ,  i t s  use f o r  d i f f e r e n t  purposes i nc lud inq  

sav ings ,  o p e r a t i o n s  w i th  income l i n k i n g  i n t r a r e g i o n a l  

u n i t s  w i t h  t h e  rest of t h e  coun t ry  o r  t h e  rest o f  

t h e  world, e t c .  ) ; 
-- a l l  o p e r a t i o n s  w i th  f i n a n c i a l  i ns t ruments  which 

channel  purchas ing power i n  t h e  system from t h e  

p o i n t s  o f  s u r p l u s  t o  t hose  o f  d e f i c i t s  ( cash ,  

i n t e r n a t i o n a l  l i q u i d i t i e s ,  c r e d i t s ,  s e c u r i t i e s ,  

e t c . ) ;  
-- a l l  changes i n  t h e  l e v e l  o f  wea l th  measured a s  r e a l  

and f i n a n c i a l  a s s e t s  and l i a b i l i t i e s  i n  s t o c k  

ba lances .  

The phys i ca l  e lements  o f  t h e  r e g i o n a l  system, which a r e  

no t  d i r e c t l y  inc luded  i n t o  t h e  I E B  (popu la t i on ,  l a b o r ,  env i ron-  

ment) may be r e f l e c t e d  i n  t h e  ba lance through t h e i r  i n t e r a c t i o n s  

w i th  t h e  economics: 



-- populat ion and l abo r  resources  through expend i tu res  

o f  s e c t o r s  on wages and s a l a r i e s ;  
-- environment- through t h e  value of damage i n f l i c t e d  

and t h e  c o s t  of  p ro tec t i on  d e s i r e d  o r  requ i red ;  
-- minera l  and o t h e r  n a t u r a l  resources  n o t  i n  economic 

tu rnover ,  through t h e i r  es t imated  va lues a s  a  p a r t  

of n a t i o n a l  ( r e g i o n a l )  weal th .  

Not a l l  ope ra t i ons  w i th  goods and s e r v i c e s  a r e  d i r e c t l y  

assoc ia ted  wi th  t h e  oppos i te  flow of  money (use  of  own houses,  

consumption of  goods produced i n  own household, e t c . ) .  I n  

t hese  cases  imputed c o s t  based on d i f f e r e n t  assumptions f o r  

p r i c e  should be involved.  

In  t h e  case  of t h e  Tuscany reg ion of  I t a l y  t h e  suggested 

scheme o f  i n t e g r a t e d  economic balance i s  determined by t h e  

purpose of t h e  a n a l y s i s  and a v a i l a b l e  ( o r  p o s s i b l e )  in format ion.  

This scheme i s  based on in format ion conta ined i n  inpu t -  

ou tpu t  t a b l e s  f o r  Tuscany and I t a l y ,  in format ion of  reg iona l  

and n a t i o n a l  accounts ,  ad-hoc in format ion r e l a t e d  t o  f i n a n c i a l  

budget o f  reg iona l  a u t h o r i t i e s ,  in format ion on t r a d e  of  t h e  

reg ions  wi th  fo re ign  c o u n t r i e s .  The scheme of t h e  I E B  l i n k s  

toge the r  b a s i c  economic p rocesses ,  which a r e  usua l l y  covered 

by n a t i o n a l  account ing:  
-- product ion 

-- d i s t r i b u t i o n  and r e d i s t r i b u t i o n  of  incomes 

-- consumption 

-- sav ing and c a p i t a l  formation 

-- e x t e r n a l  economic r e l a t i o n s .  

The l i n k s  of I E B  f o r  Tuscany wi th  s p e c i f i c  models developed 

f o r  t h e  Tuscany case  s tudy a r e  shown i n  Figure 4 .  

Links w i th  t h e  reg iona l  input -output  model i s  r e a l i z e d  i n  

tern of a  31 s e c t o r  c l a s s i f i c a t i o n  of t h i s  t a b l e ,  w i th  t h e  models 

r e l a t e d  t o  i n t e r n a t i o n a l  t r a d e  i n  terms of 10 s e c t i o n s  of S I T C ,  

with an i n t r a r e g i o n a l  t r a d e  model i n  terms of reg iona l  i / o  

31 s e c t o r  c l a s s i f i c a t i o n ,  wi th  t h e  conso l ida ted  pub l i c  s e c t o r  

budget model i n  terms o f  1 0  f i n a n c i a l  func t ions  of  pub l i c  

consumption, 6 t ypes  of f i n a n c i a l  incomes and 8 types  of  

f i n a n c i a l  ou t l ays  c l a s s i f i e d  i n  n a t i o n a l  account ing.  The 





" independent"  p a r t  o f  t h e  i n t e g r a t e d  economic ba lance ,  i . e .  

e n t r i e s  which have no d i r e c t  c o u n t e r p a r t s  i n  phys i ca l -aspec t  

models developed f o r  t h e  Tuscany case  s tudy ,  a r e  based on d a t a  

and on i d e n t i t i e s  o f  t h e  Tuscany r e g i o n a l  accoun t ing  i n  c u r r e n t  

p r i c e s .  Th is  p a r t  i s  rep resen ted  i n  t h e  ba lance  by 6 n a t i o n a l  

account ing s e c t o r s ,  3 t y p e s  o f  income, 2 c a t e g o r i e s  o f  admin- 

i s t r a t i o n ,  9 f u n c t i o n s  o f  pe rsona l  consumption, 2 c a t e g o r i e s  of  

c a p i t a l  fo rmat ion.  

The l i n k  between 31 i / o  s e c t o r s  and 6 n a t i o n a l  account ing 

s e c t o r s  i s  s i m p l i f i e d  s o  t h a t  each of  t h e  6 n/a s e c t o r s  i s  a 

sum o f  seve ra l  i / o  s e c t o r s .  

The scheme o f  t h e  I E B  prov ides  f o r  somewhat deeper  

a n a l y s i s  o f  behav io r  o f  t h e  households.  For  t h i s  purpose it 

is suggested t o  d i f f e r e n t i a t e  them by l e v e l  o f  income and t o  

d i s t i n g u i s h  r e s i d e n t s  and non- res iden ts .  The p u b l i c  s e c t o r  

shou ld  a l s o  be cons ide red  s e p a r a t e l y  i n  t h r e e  l e v e l s .  For  t h e  

a n a l y s i s  o f  f o r e i g n  t r a d e  geograph ica l  c l a s s i f i c a t i o n  o f  coun te r -  

p a r t n e r s  by t h r e e  zones i s  a l s o  sugges ted .  But t h e  problem o f  

in fo rmat ion  i n  a l l  t h e s e  c a s e s  i s  n o t  r eso l ved  y e t .  

1.3. SCHENE AND CLASSIFICATION OF THE I E B .  INFOmwTION .REOUTRED 

A t  t h e  p r e s e n t  s t a g e  I E B  f o r  Tuscany has  been r e a l i z e d  

a s  a sys tem o f  d a t a  a r ranged  accord ing  t o  t h e  scheme shown 

i n  Tab le  1.  The shape of  t h i s  scheme e x a c t l y  r e p e a t s  t hose  

of  I E B ' s  b u t  e n t r i e s  i n  t h i s  t a b l e  a r e  n o t  t o  be  ba lanced  

because t h e  t a b l e  i n c l u d e s  double coun t ing .  On t h e  b a s i s  o f  

t h i s  system o f  d a t a  two v e r s i o n s  o f  IEB have been compi led and 

used f o r  s i m u l a t i o n s .  The schemes of  t h e s e  v e r s i o n s  a r e  shown 

i n  Tab les  2 and 3. I n  t h e s e  ma t r i ces  t h e  sums o f  e lements  i n  

rows a r e  equa l  t o  t h e  sums o f  e lements  i n  r e s p e c t i v e  columns. 

The c l a s s i f i c a t i o n  o f  rows and columns i n  t h e s e  t a b l e s  a r e  

shown below. 



Table 1 .  In tegra ted Economic Balance Data-base. 

Integrated Economic 

Data-bane 



Table 2 .  In tegra ted Economic Balance I .  

, Integrated Economic 



Table 3. I n teg ra ted  Economic Balance 11. 

Integrated Economic 

I 

S t a t i s t i c a l  discrepancy 

TOTAL 

1 u ua 



CLASSIFICATIONS FOR INTEGRATED ECONOMIC BALANCE OF TUSCANY 
REGIONS FOR 1975 

Account a .  Input -output  (see ~ p p e n d i x  1) 

Account b., Regional  Accounting Sec to rs  
d . ,  and m. 

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

2 .  Manufactur ing i n d u s t r y  

3. Energy 

4 .  Bui ld ing  and c o n s t r u c t i o n  

5.  S e r v i c e s  marketab le  

6 .  Serv i ces  n o t  marketable 

Account c. Types o f  Income 

1.  Labor income 

2.  N e t  i n d i r e c t  t a x e s  

3 .  Gross p r o f i t s  

Account e. Government 

1 .  C e n t r a l  government 

2 .  Regional government 

Account f. F i n a n c i a l  Incomes 

1 .  Taxes on weal th  

2 .  Turnover t a x  

3 .  ' T a x e s  on consumption 

4 .  Other t a x e s  

5.  T rans fe rs  

6 .  Others 

Account Q. F i n a n c i a l  Out lays 

1. Purchase of goods and s e r v i c e s  

2 .  Pensions and o t h e r  s o c i a l  expenses 

3. I n t e r e s t  r a t e s  

4 .  Cur ren t  s u b s i d i e s  t o  producers  

5. Cur ren t  t r a n s f e r s  t o  p u b l i c  s e c t o r  

6 .  C a p i t a l  t r a n s f e r s  t o  p r i v a t e  s e c t o r  

7. C a p i t a l  t r a n s f e r s  t o  p u b l i c  s e c t o r  

8.  Others  



Account h. Households 

1 .  Res iden ts  

2 .  Nonres idents  

Account i. Types o f  Fam i l i es  by Level  o f  Income 

1 .  Rich 

2 .  Medium 

3. Poor 

Account j. P u b l i c  S e c t o r  by Leve ls  

1 .  Regional  

2.  P r o v i n c i a l  

3 .  Munic ipal  

Account k. Func t ions  o f  Pe rsona l  Consumption 

1 .  Food and d r i n k  

2 .  Tobacco 

3. Clo th ing ,  e t c .  

4 .  Rent,  f u e l ,  energy 

5.  Household goods 

6 .  Hea l thca re  

7.  Transpor t  and communication 

8 .  Recrea t ion ,  educa t i on ,  c u l t u r e  

9 .  Other  goods and s e r v i c e s  

Account 1. Func t ions  o f  P u b l i c  Consumption 

1 .  S e r v i c e s  o f  c e n t r a l  government 

2 .  S e r v i c e s  o f  r e g i o n a l  goverment 

3. Defense, p o l i c e  

4 .  Secondary schoo l s  

5. Primary schoo l s  

6 .  Housing 

7.  Hea l thcare  

8.  S o c i a l  a s s i s t a n c e  

9 .  P u b l i c  s e r v i c e s  

10 .  Maintenance o f  roads  and o t h e r  exp.  

Account o. Monetary Market 

1 . S t a t e  bonds 

2 .  Other  sho r t - t e rm  s e c u r i t i e s  

3. Other  l o n g - t e r m s e c u r i t i e s  

4 .  Fore ign l i q u i d i t y  



Account p. C a p i t a l  Formation 

1 .  Fixed g r o s s  c a p i t a l  fo rmat ion  

2 .  Changes i n  s t o c k s  

Account q. Areas Beyond I t a l y  

1 .  EEC c o u n t r i e s  

2 .  USA and Canada 

3. Other  c o u n t r i e s  

Account r .  R e s t  o f  I t a l y .  

Account s.  Goods (SITC) 

1 .  Food 

2 .  Beverages and tobacco  

3. Crude m a t e r i a l s  

4.  Minera l  f u e l s  

5 .  O i l s  and f a t s  

6 .  Chemicals and r e l a t e d  p roduc t s  

7 .  Manufactured goods 

8.  Machinery and t r a n s p o r t  equipment 

9 .  Misce l laneous a r t i c l e s  

1 0 .  Other  goods 

Account u. S t a t i s t i c a l  ad jus tments .  

I n  m a t r i c e s  o f  I E B  i n f l ows  o f  monetary r e s o u r c e s  ( incomes) 

a r e  recorded  i n  rows, t h e  ou t f l ows  (expend i t u res )  i n  columns. 

The f i g u r e s  i n  t h e  column n e x t  t o  t h e  d e f i n i t i o n  o f  rows i n d i -  

c a t e  t h e  number o f  i t e m s  i n  t h e  c l a s s i f i c a t i o n  o f  t h e  accoun t .  

The le t ters  i n  t h e  n e x t  column a r e  i n d i c e s  o f  t h e  accoun ts .  

Blocks i n  t h e  m a t r i c s  a r e  marked w i t h  two le t ters :  t h e  

f i r s t  i n d i c a t e  t h e  row, t h e  second t h e  column, t h e  i n t e r s e c t i o n  

of which f o r m  t h e  r e s p e c t i v e  b l ock .  The c o n t e n t  o f  each  

b lock  i s  e v i d e n t  from t h e  c l a s s i f i c a t i o n  O F  t h e  accoun ts  

which a r e  l i n k e d  through t h e  g iven  b lock .  For i n s t a n c e ,  

a a  r e F l e c t s  an  i n t e r m e d i a t e  consumption i n  t h e  form o f  a 

31 x 31 m a t r i x  o f  t h e  f i rs t  quadran t  o f  t h e  inpu t -ou tpu t  

t a b l e .  Block ba c o n t a i n s  in fo rmat ion  on compos i t ion  o f  

o u t p u t  of  each  n a t i o n a l  accoun t in?  s e c t o r  i n  te rms o f  31 

p roduc t s  o f  t h e  inpu t -ou tpu t  t a b l e ,  and s o  on. The 

complete d e f i n i t i o n  of  each b lock  i s  g iven  i n  Appendix 2 .  



Versions of IEB I and I1 have different problems and infor- 

mation orientation. The first version does not account for 

intersectoral dependencies reflected in the first quadrant of 

the input-output table. It deals predominantly with national 

accounting sectors based on the concept "enterprise" and repre- 

senting integral financial units making decisions for monetary 

funds. Input-output sectors based on the concept "establishment" 

represent specific products, produced and used by n/a sectors. 

The first version of IEB was dictated also by consideration of 

data availability, although not everything is covered by the 

necessary data also given in this table. The second version of 

IEB I1 Is more oriented towards joint analysis of intraragional 

productive patterns in terms of input-output sectors and foreign 

trade. In principle, however, the general scheme of the balance 

shown in Table 3, having the function of a data base, should be 

considered as basic. Different kinds of pr~blems may require 

other than versions I and I1 of the balanced matrices, but all of 

them will be derived from the basic Table 1.  Thus, the inte- 

grated economic balance of the region should be thought of as a 

specifically organized data base which allows compilation by 

computer and the analysis of matrices of real and financial flows 

based on principles set out in the second paragraph of this 

paper. 

Two tables, IEB I and IEB 11, are based on data for 3975. 

Information of the input-output table for Tuscany is directly 

included in the balances. The other real data have been taken 

from regional accounting data (Anunario di Contabilito Nazionale, 

Volume I11 1978 tom0 I1 Roma 1979). Actually, only these data 

can be considered as real. Other data have at present a semi- 

artificial character in the sense that their orders of magnitude 

have been checked with regional and national accounting aggre- 

gates but their breakdown was mainly arbitrary. Therefore, 

the present versions of IEB could not be used for getting 

reliable economic conclusions. They have been used mainly for 

the development of standardized software which might be applied 

to IEB, compiled entirely from real data. 



A s  t h e  nex t  s t e p  i n  implementing I E B  methodology f o r  

t h e  Tuscany c a s e  s tudy  t h e  fo l lowing in fo rmat ion  should  be 

ob ta ined :  
-- budget  o f  t h e  reg ion  i n  n a t i o n a l  account ing break- 

down of  incomes and o u t l a y s  f o r  t h r e e  l e v e l s  o f  

adm in i s t ra t i on - - reg iona l ,  p r o v i n c i a l ,  and munic ipa l ;  
-- d a t a  on t r a d e  i n  t e r m s  of  SITC;  l i n k  o f  t h i s  d a t a  

w i th  impor ts  and expo r t s  i n  input -output  t a b l e ;  
-- f i n a n c i a l  accounts  o f  n / a  s e c t o r s  w i th  l i nkage  

t o  incomes and o u t l a y s  c l a s s i f i c a t i o n  of t h e  budget;  
-- d i s t r i b u t i o n  o f  p u b l i c  consumption by 1 0  f u n c t i o n s  

f o r  r e g i o n a l ,  p r o v i n c i a l ,  and munic ipa l  l e v e l s ;  
-- a m o r t i z a t i o n  o f  f i x e d  c a p i t a l  by inpu t -ou tpu t  

s e c t o r s  ; 
-- use o f  p roduc ts  i n  t e r m s  o f  31 s e c t o r s  f o r  i n c r e a s e  

o f  f i x e d  c a p i t a l  and f o r  changes i n  i n v e n t o r i e s  

( s e p a r a t e l y )  ; 
-- n a t i o n a l  and r e g i o n a l  d a t a  on monetary market.  

I t  would be h igh l y  d e s i r a b l e  t o  g e t  in fo rmat ion  on d i s t r i -  

bu t i on  o f  o u t l a y s  on consumption by 9 f u n c t i o n s  s e p a r a t e l y  f o r  

t h r e e  t y p e s  of households- accord ing  t o  t h e i r  l e v e l  o f  incomes. 

To tes t  I E B  a s  a  t o o l  f o r  a n a l y s i s  and s imu la t i on  o f  r e ~ i o n a l  

development, compi la t ion  of ba lances  f o r  l a t e r  y e a r s  i s  a l s o  

necessary .  

1 . 4 .  "PHILOSOPHY" OF I E B ' S  USE AS A MODEL 

The i n t e g r a t e d  ecanomic ba lance  can be cons idered  a s  a  

model d e s c r i b i n g  t h e  s t r u c t u r e  of t h e  economic system. To t h e  

e x t e n t  t o  which grouping of agen ts  and i n t e r p r e t a t i o n  o f  mone- 

t a r y  f lows l i n k i n g  them a r e  meaningfu l ,  account ing i d e n t i t i e s  

and q u a l i t a t i v e  r e l a t i o n s  between t h e  b a l a n c e ' s  e n t r i e s  may 

s e r v e  a s  a  b a s i s  f o r  t h e  s imu la t i on  o f  t h e  b a l a n c e ' s  r e a c t i o n  

on e x t e r n a l  d i s t u r b a n c e s  in t roduced  exogenously. 

The ba lance  determines t h e  b a s i c  c o n s t r a i n t  on e n t r i e s  a s  

v a r i a b l e s  - t h e i r  e q u i l i b r i u m  w i th in  r e s p e c t i v e  accounts  and 

t h e i r .  i n te rdependenc ies  through t h e  system of t h e  b a l a n c e ' s  

i d e n t i t i e s .  



There a r e  two extreme cases  i n  us ing t h e  I E B  a s  a model. 

One is based on t h e  assumption t h a t  w e  know noth ing about t h e  

in terdependencies between v a r i a b l e s  bu t  only t h e  cond i t ion  of 

equ i l ib r ium w i th in  each account.  W e  may change, in  t h e  re fe rence  

ba lance,  one o r  s e v e r a l  v a r i a b l e s  and f i n d  a  new balance s u b j e c t  

t o  some o b j e c t i v e  func t ion .  The o t h e r  i s  based on t h e  assumption 

t h a t  t h e  account ing i d e n t i t i e s  a r e  completed wi th  a  set of func- 

t i o n s ,  determining in terdependencies between v a r i a b l e s  i n  such a 

way t h a t  t h e  whole system becomes reso l vab le  w i th  a  s i n g l e  

s o l u t i o n .  The most reasonable way t o  use t h e  I E B  a s  a model i s  

between t h e  above extremes. 

The IEB  account ing i d e n t i t i e s  may be completed wi th  d i f -  

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

-- f i x i n g  abso lu te  va lues  of v a r i a b l e s ;  

-- l i m i t a t i o n  of t h e  a rea  of change f o r  one o r  s e v e r a l  

v a r i a b l e s  by f i x i n g  upper and/or lower l i m i t s  of 

change; 
-- f i x i n g  r a t i o s  between va lues o f ,  some v a r i a b l e s  

( f o r  i n s t a n c e ,  in t roduc ing  techno log i ca l  c o e f f i c i e n t s  

f o r  v a r i a b l e s  r e l a t i n g  t o  in te rmed ia te  consumption); 
-- f i x i n g  l i n e a r  combinations of v a r i a b l e s  ( f o r  i n s t a n c e ,  

in t roduc ing  econometr ic equat ions f o r  some o r  s e v e r a l  

v a r i a b l e s )  . 

To t h e  e x t e n t  t o  which w e  know t h e  s p e c i f i c  c h a r a c t e r  of 

interdependence between some v a r i a b l e s ,  t h i s  knowledge may take  

t h e  form of a  s e p a r a t e  model. The v a r i a b l e s  inc luded i n  such a 

model can be recorded i n  t h e  I E B  e i t h e r  d i r e c t l y  by t h e i r  abso lu te  

va lue a f t e r  s o l u t i o n  of t h i s  model, o r  i n  t h e  form of  r e l a -  

t i o n s  provided by t h e  model. I f  we do n o t  know s p e c i f i c  i n t e r -  

dependenc2es;but know t h a t  some v a r i a b l e s  can change only i n  one 

d i r e c t i o n ,  o r  cannot change a t  a l l ,  t hese  l i m i t s  o r  abso lu te  

va lues of e n t r i e s  could be in t roduced i n t o  t h e  ba lance toge the r  

w i th  s p e c i f i c  models. I f  we know t h a t  two o r  s e v e r a l  v a r i a b l e s  

can change only p a r a l l e l  t o  each o t h e r ,  we may l i n k  them through 

cons tan t  c o e f f i c i e n t s ,  and s o  on up t o  t h e  p o i n t  of  exhaust ion 

of ou r  s p e c i f i c  knowledge i n  r e s p e c t  of  some v a r i a b l e s  o r  t h e i r  



l i n k s .  But i n  t h e  e x h a u s t i v e  system p resen ted  by I E B  t h e r e  w i l l  

always be a set  of v a r i a b l e s  f o r  which t h e  law o f  behav io r  i s  

n o t  known and t h e  on l y  c o n s t r a i n t  on them, de r i ved  from r e a l i t y  

and cons idered  a s  t r u e ,  i s  t h e i r  ba lanc ing  w i t h i n  t h e  r e s p e c t i v e  

account .  I t  i s  l o g i c a l  t o  assume t h a t  a l l  such v a r i a b l e s  maxi- 

ma l l y  resist changes which a r e  necessa ry  t o  r e s t o r e  t h e  e q u i l i -  

brium des t royed  by exogenous i n t e r f e r e n c e .  

S ince  t h e  i n t e g r a t e d  economic ba lance  i s  compi led i n  v a l u e  

te rms ,  each e n t r y  i n  it r e l a t i n g  t o  f lows of  goods,  s e r v i c e s  o r  

f a c t o r s  i m p l i e s  t h e  e x i s t e n c e  o f  p r i c e  [ in  r e s p e c t i v e  form) and 

may be cons ide red  a s  a p roduc t  of  a q u a n t i t y  r e f l e c t i n g  p h y s i c a l  

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

r e l a t i v e  p r i c e .  P h y s i c a l  volumes o f  f l ows  i n  I E B  imp19 c o n s t a n t  

p r i c e s  o r  t h e  v a l u e  o f  t h e  m u l t i p l i e r  equa l  t o  one when r e l a t i v e  

p r i c e s  a r e  cons ide red .  The I E B  a l l ows  t h e  a n a l y s i s  of  t h e  e f f e c t  

o f  changes i n t r oduced  i n t o  t h e  ba lance  s e p a r a t e l y  f o r  volume and 

f o r  r e l a t i v e  p r i c e  components of r e s p e c t i v e  e n t r i e s  of  t h e  

ba lance .  

1 .5  SOME PROBLEJIS OF ADJUSTMENTS SOLVED FOR INTEGRATED 
ECONOMIC BALANCE OF TUSCANY FOR 1975 

The mathemat ica l  model of  I E B  and so f twa re  p resen ted  i n  

P a r t  I1 o f  t h i s  paper  have been t e s t e d  f o r  t h e  s o l u t i o n  of  

s e v e r a l  problems among which a r e :  
-- t e s t i n g  o f  I E B  s e n s i b i l i t y  t o  changes of  i t s  p a r t i c u l a r  

e lements :  
-- s i m u l a t i o n  o f  t h e  b a l a n c e ' s  response  t o  changes i n  some 

sets of f o r e i g n  t r a d e  f l ows ;  

-- s i m u l a t i o n  of  t h e  b a l a n c e ' s  response  t o  e s s e n t i a l  

i n c r e a s e  i n  volume of  p roduc t ion  i n  one s e c t o r .  

T e s t  o f  s e n s i b i l i t y .  The response  o f  t h e  I E B  t o  a change 

o f  one e n t r y  i s  measured by a minimal r e l a t i v e  v a l u e  o f  maximal 

d e v i a t i o n s  i n  bo th  d i r e c t i o n s  between t h e  b a s i c  v a l u e s  of 

v a r i a b l e s  and new ones which r e s t o r e  t h e  e q u i l i b r i u m  i n  t h e  I E B .  

Mathemat ica l  f o rmu la t i on  of t h i s  LP problem w i t h  a minimax 

o b j e c t i v e  f u n c t i o n  i s  g i ven  i n  P a r t  11. Many tests o f  t h e  s e n s i -  

b i l i t y  have been c a r r i e d  o u t  on t h e  d e t a i l e d  scheme o f  I E B  

(111 x 111) and an aggrega ted  one ( 2 0  x 2 0 ) .  



The mathematical sense of a l l  t hese  problems was equa l .  

However, i n  t h e  case  of t h e  f i r s t  problem t h e  on ly  c o n s t r a i n t s  

were ba lanc ing i d e n t i t i e s  and t h e  exogenously in t roduced va lue  

of one en t ry -var iab le .  I n  a l l  o t h e r  c a s e s ,  many o t h e r  v a r i a b l e s  

o r  combinat ions of them were in t roduced exogenously. 

The r e s u l t i n g  dev ia t i on  i n  t h e  o b j e c t i v e  func t ion  va r ied  

up t o  t h e  l e v e l  of  r e l a t i v e  change i n  t h e  e n t r y  v a r i a b l e ,  b u t  

t h e  l a t t e r  was a  r a t h e r  except iona l  case  i n  which a l l  elements 

o f  one l i n e  ( o r  column) i n  t h e  mat r i x  had been changed. In  

most cases  t h e  r e s u l t i n g  va lue of  t h e  o b j e c t i v e  func t i on  was 

e s s e n t i a l l y  lower than  t h e  i n i t i a l  change (3-5% f o r  t h e  i n i t i a l  

change of 10%) .  

What might be economic i n t e r p r e t a t i o n  of  t h e  r e s u l t s  of  t h e  

I E B  adjustments t o  exogenously g iven va lue of one o r  s e v e r a l  

v a r i a b l e s ?  The response of  t h e  I E B  t o  one e x t e r n a l  d i s tu rbance  

i s  o b j e c t i v e  and determined by i t s  s t r u c t u r e  (nodes,  t h e i r  l i n k s ,  

and value of  edges ) .  For t h e  product ive s e c t o r  new va lues of  

i n t e r s e c t o r a l  exchange may be cons idered a s  o b j e c t i v e l y  necessary  

i n  terms of  monetary f lows. But behind t h e s e  flows t h e r e  a r e  

volume f lows determined by techno log i ca l  c o e f f i c i e n t s  and pro- 

p o r t i o n a l i t y  r e f l e c t e d  i n  t h e  b a s i c  matr ix .  Therefore,  new 

va lues  i n  t h i s  case  may be i n t e r p r e t e d  a s  monetary ad justments  

f o r  s t a b l e  phys ica l  f lows (adjustments i n  p r i c i n g ) .  I n  cases  

of  pure ly  f i n a n c i a l  f lows t h e  i n t e r p r e t a t i o n  may be d i r e c t :  

inc reased o r  d iminished va lue of f low ensures  t h e  equ i l i b r i um 

i n  t h e  new balance (more o r  l e s s  sav ings ,  t a x e s ,  d isposab le  

income, e t c .  ) . 
When only t h e  I E B ' s  response t o  change i n  one v a r i a b l e  i s  

cons idered,  t h i s  i s  simply t h e  s e n s i b i l i t y  t e s t .  Advantages 

o f  t h e  model a r e  mentioned i n  P a r t  11. On t h e  b a s i s  of  t h e  

s o l u t i o n  of  t h i s  type of problems a l l  v a r i a b l e s  ( e s p e c i a l l y  

those  which may be cons idered a s  po l i cy  ins t ruments )  may be 

ar ranged accord ing t o  t h e  degree of  t h e i r  i n f l uence  on t h e  

balance a s  a  whole and on s p e c i f i c  e n t r i e s  w i th in  t h e  ba lance.  

Other problems t h a t  have been t e s t e d  con ta ined  a d d i t i o n a l  

c o n s t r a i n t s  in t roduced i n t o  t h e  system a s  scenar ios .  Exports 

of s e c t o r s  17 ( t e x t i l e s  and c l o t h i n g )  and 1 8  ( l e a t h e r  and 



leather products were increased by 10%. The measure of IEB 

(111 x 111) response was 5.9%. The total output of the sectors 

also slightly increased but value added in sector 17 

dtminished by 3.7% and in sector 18 increased only by 0.7%. 

Cost of labor in both fell down in the 17th sector by about 

3% and rose in the 18th sector by 4.2%. 

In conclusion one should stress that IEB should not be 

considered in isolation from a formalized or not formalized 

description of economic mechanisms determining actual flows, 

which are carriers of monetary values reflected in the balance. 

The IEB contains only balance identities. Only in combination 

with models, and other forms of descriptions of causal relation- 

ships between the balance's entries could interpretable results 

be obtained. 

In the case of the Tuscany region study, the IEB is thought 

to be an integrated real-financial balance for analysis of 

responses to the results of models which constitute the substance 

of the study. 

PART 11: THE MATHEMATICAL DESCRIPTION OF THE APPROACH 

2.1 DESCRIPTION OF THE MODEL 

In this section we will describe mathematical tools used 

to analyze integrated economic balances. Generally, we will 

consider a mathematical model of such a system as a set of 

elements which are independent at a chosen level of model 

aggregation. For example, in the case under consideration, the 

role of these elements plays monetary flows from one economic 

agent to another. For each of these elements we construct a 

general quantitative characteristic, the value of which is 

uniquely defined. This means that we must define a function 

of the set of elements. Finally, we should also define a system 

of constraints for feasible values of the characteristics which 

describes the internal initial relations of the system under 

consideration. 

As a sinple example, in an integrated economic balance of 

a region, the model has as its elements monetary flows between 

economic agents of the system. A quantitative characteristic 

of each of the elements is the value of the flow. The 



domain o f  f e a s i b i l i t y  f o r  t h e  c h a r a c t e r i s t i c s  i s  de f i ned  by 

t h e  ba lance  c o n d i t i o n s  and t h e  s t r u c t u r a l  c o n s t r a i n t s .  

The mathemat ical  model may be desc r i bed  a s  t h e  fo l low ing .  

L e t  t h e  model o f  t h e  sys tem c o n s i s t  o f  N elements  and t h e  s t a t e  

o f  each de f i ned  by a  r e a l  va lue  v e c t o r  x i , i  = [1 ,NI .  The 

numer ica l  c h a r a c t e r i s t i c  o f  t h e  e lement f i  i s  a f u n c t i o n  of  

x  i .e .  i f  

and t h e  f e a s i b l e  s t a t e s  o f  t h e  model a r e  de f i ned  by t h e  r e l a t i o n s  

2 . 2 .  STATEMENT OF THE PROBLEM 

A t  t h e  base  o f  t h e  model w e  have an opportunity t o  s t a t e  

some problems o f  t h e  a n a l y s i s  o f  t h e  i n t e g r a t e d  economic ba lance .  

One i s  t h e  problem o f  ana l yz ing  t h e  s e n s i t i v i t y  o f  a  g iven 

ba lance  and f i n d i n g  some r a t i o n a l  ways tc  a d j u s t  t h e  ba lance  

Le t  an i n i t i a l  s t a t e  of  t h e  model be g iven {xy ,  i = [ 1  .N ]  1,  
c h a r a c t e r i s t i c s  o f  which s a t i s f y  t h e  c o n d i t i o n s  ( 2 ) .  Le t  us 

suppose t h a t  a  s u b s e t  o f  t h e  e lements a r e  changed. I t  i s  c l e a r  

t h a t  t h e  c h a r a c t e r i s t i c s  a l s o  change and may be i n  d isagreement  

w i th  t h e  r e l a t i o n s  ( 2 ) .  

Now c o n s i d e r  t h e  problem o f  renewal o f  t h e  ba lance  by means 

o f  a p p r o p r i a t e  changes o f  o t h e r  e lements  o f  t h e  model. Having 

found t h e  va lues  o f  t h e s e  v a r i a t i o n s ,  w e  a r e  a b l e  t o  measure 

t h e  l e v e l  of s e n s i t i v i t y  o f  t h e  model ba lance .  No t i ce  t h a t  

t h e  use  o f  any c l a s s i c a l  schemes o f  t h e  t h e o r y  o f  s e n s i t i v i t y  

i s  s t r o n g l y  l i m i t e d  i n  t h e s e  problems because o f  t h e  main 

theorem of t h e  theory- - the i m p l i c i t  f u n c t i o n s  theorem-- is n o t  

a p p l i e d  i n  t h i s  c a s e ,  excep t  when t h e  Jacob ian  of  ( 2 )  i s  non- 

s i n g u l a r .  Moreover, t h e  c l a s s i c a l  t heo ry  c o n s i d e r s  o n l y  sma l l  

i n p u t  v a r i a t i o n s .  But t h e  a n a l y s i s  o f  r e a l  p r a c t i c a l  ba lances  

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

s t a t e  of  t h e  model. 



An approach i s  desc r i bed  below which g i v e s  u s  an oppo r tun i t y  

t o  overcome t h e  d i f f i c u l t i e s  j u s t  mentioned and t o  i n v e s t i g a t e  

models l i k e  ( 1 )  - ( 2 )  of a  gene ra l  type.  The main i d e a  of t h e  

method c o n s i s t s  of f i n d i n g  a  unique va lued measure of s e n s i -  

t i v i t y  of t h e  model i n  r e s p e c t  of t h e  g iven ,  g e n e r a l l y  speak ing,  

non-small i n p u t  v a r i a t i o n s  of an e lement (o r  a  number of e l e m e n t s ) .  

P r e l i m i n a r i l y ,  d e f i n e  a  concept  o f  a  d i s t a n c e  between two 

a r b i t r a r y ,  maybe i n f e a s i b l e ,  s t a t e s  A and B of t h e  model. The 

d e f i n i t i o n  i s  

A B 
A =  {x i ,  i = [ l , ~ ] )  and B = {xi, i = [1,Nl 1 

t hen  t h e  d i s t a n c e  D i s  

The ques t i on  whether t h e  space o f  { x )  i s  a metric one depends 

on t h e  p r o p e r t i e s  o f  t h e  f unc t i ons  p i  and @i. I n  Some c a s e s ,  

f o r  example, when p ( a , b )  = 1 a-b 1 and @ i  (x i )  = C . X .  (where x  i s  
1 1  

and c  i s  p o s i t i v e ) ,  p w i l l  have a l l  p r o p e r t i e s  

of  t h e  metric d i s t a n c e .  Now w e  a r e  ready t o  formula te  t h e  i d e a  of 

how t o  measure t h e  s e n s i t i v i t y .  L e t  a f e a s i b l e  s t a t e  A of t h e  

model be g iven ( i . e .  t h e  s t a t e  s a t i s f i e s  t h e  system ( 2 )  ) 

which should be i n v e s t i g a t e d  and be g iven a  v a r i a t i o n  of  t h e  

s t a t e  

where R~ i s  t h e  set  of  t h o s e  elements o f  t h e  model which 
A must be f i x e d  t o  g iven yi. A f t e r  t h e  v a r i a t i o n  o f  a l l  

e lements  be long ing t o  R,  w e  should f i n d  changes o f  t h e  rest 

of t h e  e lements t o  r e t u r n  t h e  model t o  a  f e a s i b l e  s t a t e .  Gener- 

a l l y ,  it i s  p o s s i b l e  t o  do t h i s  i n  many ways. Making t h e  d i s -  

t ance  between "new" and "o ld "  s t a t e s  minimal, w e  can use  t h i s  



d i s t a n c e  a s  a  measure of  t h e  change of  s t a t e  and hence,  t o  u s e  

it a s  a  measure of s e n s i t i v i t y  of  t h e  s t a t e  i n  r e l a t i o n  t o  t h e  

g iven v a r i a t i o n .  Formal ly ,  t h e  procedure can be  w r i t t e n  a s  t h e  

fo l low ing  mathemat ica l  programming problem. 

Minimize p wi th  r e s p e c t  t o  {f i ' i = [ I  , N ]  s u b j e c t  t o  

max A B 
i { p f f i , f i l ,  i = 0 = 

[1 ,N l )  and 

2 . 3 .  LINEAR CASE 

Consider  now a  s p e c i f i c  case  when 
-- each  o f  t h e  e lements  is  desc r i bed  by a  un ique ly  

va lued  nonnegat ive  number; 

-- t h e  c h a r a c t e r i s t i c  i s  a  p roduc t  of  t h e  number t o  

a  p o s i t i v e  normat ive c o e f f i c i e n t ;  
-- system (2 )  i s  l i n e a r  w i t h  r e s p e c t  t o  a l l  f i .  

One of t h e  impor tan t  d e s c r i p t i v e  c a s e s  o f  a  r e a l  economic 

system by means o f  t h e  model p resen ted  i s  t h e  i n t e g r a t e d  

economic ba lance  of  a  reg ion .  I n  t h i s  c a s e  t h e  images o f  r e a l  

e lements  o f  t h e  o b j e c t  t o  be modeled a r e  p h y s i c a l  f lows o f  

goods, s e r v i c e s ,  and o t h e r  t y p e s  o f  p r o f i t s  and payments. The 

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

f lows which permi t  us  t o  l i n k  t h e  r e a l  f lows w i t h  t h e i r  monetary 

e v a l u a t i o n s .  Cond i t ions  ( 2 )  a r e  ba lanc ing  c o n s t r a i n t s  and 

s t r u c t u r a l  r e s t r i c t i o n s  which i l l u s t r a t e  t h e  usage o f  t h e  model 

o f  t h e  problem i n  ana l yz ing  t h e  s e n s i t i v i t y  o f  a  ba lance  t a b l e  

i n  r e s p e c t  t o  a  v a r i a t i o n  of  i t s  element .  L e t  us have a  square  

t a b l e  a  vrhich c o n s i s t s  of  non-negat ive e lements .  Th is  
1 3  

t a b l e  i s  ba lanced ,  i . e .  

n n  - 
- j z l  a j k '  f o r  a l l  k  = [1,N] 

i= I 



Suppose, a l s o ,  t h a t  an e lement o f  t h e  t a b l e  a r e c e i v e s  a new 
Pq 

f i x e d  va lue  y.  Equations ( 4 )  would n o t  be v a l i d  now. Try t o  

f i n d  such c o r r e c t i o n s  t o  a l l  o t h e r  e lements  Aa s o  t h a t  i j  
-- a "new" t a b l e  w i l l  be ba lanced;  

-- t h e  d i s t a n c e  between "o ld "  and "new" t a b l e s  a r e  minimal 

i n  t h e  sense  of t h e  fo l lowing ma t r i x  

max pijl ) 
= P a i j  

I n  t h i s  case  w e  g e t  a problem of  l i n e a r  programming: 

minimize p s u b j e c t  t o  

-P a i j  5 Aai j  < P a i j I  f o r  a l l  ( i t ] )  # (p ,q )  and 

a i j  + A a i j  = y  , f o r  ( i , j )  = ( p , q )  ( 6  

2.4.  CONCLUSIONS ABOUT THE USAGE OF THE APPROACH AND 
SOME PRACTICAL RESULTS 

The sugges ted  approach has some advantages and cou ld  be 

more u s e f u l  i n  comparison w i th  o t h e r  methods o f  s e n s i t i v i t y  

measurement. These advantages i n c l u d e ,  f i r s t  , t h e  oppo r tun i t y  

t o  s o l v e  problems w i th  s i n g u l a r  Jacob ians ,  i . e .  i n  c a s e s  when 
c l a s s i c a l  methods a r e  i n a p p l i c a b l e .  Second, t h e  use o f  mathe- 

m a t i c a l  programming enab les  us t o  o b t a i n  t h e  unique va lued 

c h a r a c t e r i s t i c s  o f  s e n s i t i v i t y  ba lance  t a b l e s  w i th  r e s p e c t  t o  

g iven v a r i a t i o n s .  Th i rd ,  usage o f  t h e  ma t r i x  ( 5 )  i n  l i n e a r  

c a s e s  permi ts  u s  t o  b u i l d  c o r r e c t e d  ba lance  t a b l e s  w i th  s t r u c -  

t u r e s  which a r e  c l o s e  t o  t h e  i n i t i a l  t a b l e s .  Not ice t h a t  t h e  

usage of a s tanda rd  euc l i dean  ma t r i x  produces a d i f f u s i o n  of 

t h e  i n i t i a l  s t r u c t u r e  which u s u a l l y  is  undes i rab le  from a prac-  

t i c a l  ~ o i n t  of view. On t h e  o t h e r  hand, t h e  usage of  an 



ent ropy- type ma t r i x ,  i .e . f unc t i ons  e v a l u a t e  t h e  c loseness  of two 

c h a r a c t e r i s t i c s  f A  and f: w i th  t h e  h e l p  o f  exp ress ion  i 

A 
L i f ,  log- 

1 ,A 

even i n  l i n e a r  c a s e s , l e a d s  t o  a problem o f  non- l inear  program- 

ming. This i s  n o t  ve ry  convenient  from a computat iona l  p o i n t  

o f  view. 

A number o f  c a l c u l a t i o n s  were f u l f i l l e d  on t h e  b a s i s  of 

schemes ( 5 )  - ( 6 ) ,  w i th  t h e  ba lance  t a b l e  having abou t  a 

hundred rows and columns and 1,100 non-zero e lements .  

A s p e c i a l  so f twa re  l i b r a r y  w a s  e l a b o r a t e d  cn t h e  VAX/?1 

computer. Th is  l i b r a r y  has sub rou t i nes  t o  c r e a t e ,  check,  and 

t r a n s f e r  working f i l e s  i n  format ,  which i s  r e q u i r e d  f o r  used 

procedures i n  s o l v i n g  mathemat ical  programming problems. 

To s o l v e  t h e  problems i n  ( 6 )  a package MINOS ( l i n e a r -  

phase)  was used.  The number o f  i t e r a t i o n s  was between 

s e v e r a l  hundreds and thousands.  The t rans fo rma t i on  o f  t h e  

ou tpu t  f i l e s  and t h e  p re l im ina ry  a n a l y s i s  w e r e  made by means 

o f  an i n t e r a c t i v e  procedure.  Output in fo rmat ion  i s  rep resen ted  

bo th  i n  g r a p h i c a l  and numer ica l  forms. 



APPENDIX 1: SECTORS I N  TUSCANY INPUT-OUTPUT TABLE FOR 
1975 ( c l a s s i f i c a t i o n  o f  t h e  account  "a"  
i n  IEB) 

S e c t o r  Number S e c t o r  Name 

A g r i c u l t u r e  
Coal and o i l  
Other energy and wate r  
Minera ls  
Non-me t a l i c  m inera ls  
Chemicals 
Metal p roduc ts  
Machinery f o r  a g r i c u l t u r e  and 

i n d u s t r y  
Other machinery 
Elect r ic  machinery 
T ranspor t  equipment 
Meat 
Milk 
Other food p roduc ts  
Beverages 
Tobacco 
T e x t i l e s  
Footwear 
Wood and f u r n i t u r e  
Paper and paper  p roduc ts  
Rubber and rubber  p roduc ts  
Other manufactures 
Cons t ruc t ion  
Commerce 
Hote ls  
T ranspor ts  
Communications 
C r e d i t  and insurance  
Housing 
Other marketable s e r v i c e s  
Non-marketable s e r v i c e s  



APPENDIX 2 :  CONTENT OF SEPARATE BLOCKS I N  I E B  

i n t e r m e d i a t e  consumption o f  31 i / o  s e c t o r s  

s e c t o r s '  o u t p u t s  i n  t e r m s  of  31 p roduc t s  

pr imary  incomes from 31 i / o  s e c t r o s  

t a x e s  payed from 31 i / o  s e c t o r s  t o  c e n t r a l  

and l o c a l  governments 

f i x e d  c a p i t a l  d e p r e c i a t i o n  a l l owances  i n  

31 i / o  s e c t o r s  

impor ts  by 31 i / o  s e c t o r s  from 3 zones 

o u t s i d e  I t a l y  

impor ts  by 31 i / o  s e c t o r s  from t h e  rest 

o f  I t a l y  

impor ts  i n  double breakdown: by 31 i / o  

s e c t o r s  and 10 s e c t i o n s  o f  SITC 

i n t e r m e d i a t e  consumption of  31 p roduc t s  by 

n a t i o n a l  accoun ts '  s e c t o r s  

s u b s i d i e s  t o  i / o  s e c t o r s  a s  n e g a t i v e  t a x e s  

s u b s i d i e s  t o  i / o  s e c t o r s  payed by governments 

p e r s o n a l  consumption i n  double breakzown: 

by 31 i / o  prod-ucts and. 9 f u n c t i o n s  

p u b l i c  consumption i n  doub le  breakdown: by 

31 i / o  p roduc ts  and 10 f u n c t i o n s  

use  o f  31 i /o  p roduc t s  f o r  i n c r e a s e  o f  f i x e d  

c a p i t a l  and f o r  changes i n  s t o c k s  



expor t s  of  31 i / o  products  t o  3 zones beyond 

I t a l y  

expo r t s  of 31 i / o  products t o  t h e  r e s t  of I t a l y  

expo r t s  i n  double breakdown: by 31 i / o  products  

and 1 0  s e c t i o n s  of  SITC 

t ypes  of primary incomes by 6 n/a s e c t o r s  

n a t i o n a l  income produced by 6 n/a s e c t o r s  

income of households from 6 n/a s e c t o r s  

f i x e d  c a p i t a l  dep rec ia t i on  al lowances by 

6 n/a s e c t o r s  

s u b s i d i e s  t o  n/a s e c t o r s  

g ross  p r o f i t s  of n/a s e c t o r s  

d i s t r i b u t i o n  of  s e c t o r s '  payments t o  budgets 

by i tems of f i n a n c i a l  incomes 

l a b o r  and ownership income of  households 

t r a n s f e r  of income t o  t h e  r e s t  of. I t a l y  

income of households from 6 n/a s e c t o r s  

sav ings  of n/a s e c t o r s  

s u b s i d i e s  t o  n/a s e c t o r s  payed by governments 

t r a n s f e r  of funds from c e n t r a l  t o  l o c a l  

government 

d i s t r i b u t i o n  of government 's budget by 

types  of ou t l ays  

p u b l i c  consumption broken down by 10 func t i ons  

t r a n s f e r  of governments' funds t o  t h e  r e s t  

of  I t a l y  

f i nance  of pub l i c  consumption from t h e  budget 

s u b s i d i e s  t o  n/a s e c t o r s  covered by i tems of 

f i n a n c i a l  o u t l a y s  

f i n a n c i a l  t r a n s f e r s  t o  households 

f inance of  pub l i c  consumption by 3 l e v e l s  and 

by sources  i n  terms of f i n a n c i a l  ou t l ays  

c a p i t a l  t r a n s f e r s  t o  n/a s e c t o r s  

c a p i t a l  t r a n s f e r s  t o  households 

f i n a n c i a l  su rp luses  

taxes  on households '  incomes 

taxes  on households '  income 

persona l  consumption by types  o f  f a m i l i e s  



0s ( 4  x 10)  

ua and au  

s a v i n g s  of  househo lds  

t r a n s f e r  o f  househo lds1 income t o  t h e  rest 

o f  t h e  wor ld 

p e r s o n a l  consumption by f u n c t i o n s  

p u b l i c  consumption by f u n c t i o n s  

monetary s u r p l u s e s  of n/a s e c t o r s  

inves tments  of  n/a s e c t o r s  i n t o  f i x e d  c a p i t a l  

and s t o c k s  

monetary s u r p l u s e s  o f  househo lds  

inves tments  of households i n t o  f i x e d  c a p i t a l  

and s t o c k s  

change i n  t h e  ba lance  o f  f i n a n c i a l  c l a ims  

and l i a b i l i t i e s  i n  r e l a t i o n s  w i t h  f o r e i g n  

c o u n t r i e s  

change i n  t h e  r e g i o n ' s  ba lance  of  c l a ims  

and l i a b i l i t i e s  w i t h  t h e  rest of I t a l y  

impor ts  s u r p l u s e s  by 10 s e c t i o n s  o f  SITC 

t r a n s f e r s  o f  money t o  households from t h e  

rest o f  I t a l y  

e x p o r t  s u r p l u s e s  by 10 s e c t i o n s  of  SITC 

s t a t i s t i c a l  ad jus tments  t o  i / o  s e c t o r s  
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