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We began o u r c o n s id e r a t io n s  co n c e rn in g  th e  f u tu r e  o f  th e  

P o l is h  n a t io n a l  economy I . e .  th e  n ex t 20 y e a rs  w ith  lo o k in g  f o r  

th e s e  e lem en ts  o f  th e  eoonomy whioh seemed to  change most slowly 

end were th e  most d i f f l o u l t  to  m odify . N ex t,o n  th e  Ъаа1з o f  model 

e tu d ie s  th e  c o n c lu s io n s  on th e  im pact o f  s t r u c t u r a l  v a r i a n ts  o f 

th o se  e lem en te  i n  th e  f u tu r e  on developm ent o f  th e  economy were 

draw n. B esid e  th e  a re a  o f a g r i c u l t u r a l  la n d  o r  th e  number o f 

P o p u la tio n , th e  b a s io  e lem en ts in o lu d e  n a tu r a l  r e s o u rc e s  fend 

t h e i r  o u tp u t,  e s p e c i a l l y  power re s o u rc e s  and p ro d u c tio n .

The model p re s e n te d  in  t h i s  p a p e r  i s  c o n s tru c te d  a s  an i n s t r u -

ment o f  In fe re n c e  on a  p o s s ib le  developm ent o f  th e  economy, con-

d i t io n e d  by th e  assumed s c e n a r io  f o r  th e  f u tu r e  o f  f u e l  and power 

p ro d u o tio n . Of c o u rse  such  a  p ro d u o tio n  depends to  a l a r g e  e x to n t 

on o th e r  e lem en ts o f  th e  f u tu r e  economic developm en t, in o lu d ln g  

th e  ones we w ish to  p r e d i c t .  We b rea k  th e  v io io u a  c i r c l e  o f  i n -

te rd ep en d en ce  in  h o p e fu l ly  i t e  w eakest p o in t  where th e  c o n s t r a in t s  

Imposed by n a tu r a l  re s o u rc e s  and h ig h  c o s ts  o f  t h e i r  p ro d u c tio n  

®eke them impede th e  economic developm ent.

The c o re  o f  th e  model which e n a b le s  us to  tra n s fo rm  th e  sc e -

n a r io s  o f  f u e l  and power p ro d u c tio n  up to  2000 i n to  f o r e c a s t s  o f 

o th e r  eoonomic c h a r a o t e r i s t i c s ,  i s  a  system  o f e q u a tio n s  c a l l e d  

th e  in p u t-o u tp u t  m odel. A o r i t e r i o n  fu n c t io n  i s  th e n  added . The

^ L e c tu r e s ,  I n s t i t u t e  o f  E conom etrics  and S t a t i s t i c s ,  U ni-
v e r s i t y  o f  Łódź.
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fu n c t io n  a llo w s f o r  a  c h o ic e  o f auoh a  p ro d u c tio n  programme whioh 

i s  o p tim al from i t a  p o in t  o f  v iew . We a h a l l  c o n s id e r  th r e e  main

groups o f  c r i t e r i a »
2

1 . M axim ization  o f th e  n e t m a te r ia l  p ro d u ct (NMP) ( f i n a l

p ro d u c t)

Ь 1 — -  max.

T h is  i s  th e  s im p le s t  fu n o tio n  which e n a b le s  to  m a in ta in  th e  

l i n e a r  c h a r a c te r  o f th e  whole and s o lv e  i t  by means o f  l i n e a r  

programming m ethods.

2 . M axim ization  o f NMP u t i l i t y  fu n o tio n

Z>iqi — -m ax ,

where th e  w e ig h ts  r e f l e o t  th e  " u t i l i t y "  o f  NMP o r ig in a t in g  in  

the  b ran ch  " i " .  T h is  i s  a b e t t e r  app roaoh , how dver, i t  i a  more 

d i f f i c u l t  because  o f  th e  problem  o f  p ro p e r  w eight s e le c t i o n  in  

such  a way as  to  r e f l e c t  e o o ia l  p r e f e re n c e s .

3 . M in im iza tio n  o f  th e  fu n o tio n  o f  l o s s e s  r e s u l t i n g  from th e  

f a i l u r e  i n  a c h ie v in g  some p ro d u o tio n  g o a ls

z > i ( q i  “  ч * ) 2 *

In  t h i s  c a se  -  b e s id e  th e  problem  o f  w eight s e le o t io n  r e -

f l e c t i n g  s o c ia l  p r e f e re n c e s  o r  l o s s e s  we fa c e  th e  problem  o f 

d e te rm in in g  th e  p a th s  qL* o f  d e s ir e d  grow th o f  NMP e lem en ts  q^ . 

Then o u r model i s  tra n s fo rm e d  i n to  th e  o p tim a l c o n tr o l  m odel. 

'W riting  down th e  lo s s  fu n o tio n  a l t e r n a t i v e l y  as

Z / * i k  -  «1*1 •

we can  keep th e  s o lu t io n  te c h n iq u e  i n  a  c la s s  o f  l i n e a r  programm-

in g  m ethods i n  t h e i r  wide s e n s e , w h ile  i t s  o r ig i n a l  v e r s io n  makes 

us p a ss  to  th e  c la s s  o f  n o n l in e a r  program ming te c h n iq u e s .

p
G e n e ra lly  sp e ak in g  we may th in k  about NMP as  o f  n a t io n a l  

income minus th e  v a lu e  o f s e r v i c e s .



Proper ch o ice  o f c o n s tr a in ts  on produotion c a p a c it ie s  forme 

the next problem to  be so lv e d . In the case o f a model w ith the  

lo s s  fu n c tio n  the demand fo r  production  c a p a c it ie s  i s  an element 

o f the s o lu t io n . In  th e  ca se  o f th e  u t i l i t y  fu n ctio n  and NMP 

m axim ization, the c a p a c it ie s  mu3t be g iven  a p r io r i .  I t  i s  the  

submodel o f  the development o f produotion c a p a c it ie s  which makes 

the system  dynamic. T his problem req u ires  c a r e fu l in v e s t ig a t io n .  

A c e r ta in  group o f s o c ia l  l im ita t io n s  and p r e fe r e n c e s , absent in  

the standard in p u t-ou tp u t m o d e l,is  imposed. These are th e  require- 

ments concerning th e  s tr u c tu r e  o f NMP, th e  ad m issib le  imported 

part o f th e  f in a l  product, or f in a l ly  th e  "minimum ex isten ce"  

requirem ents in  th e  form o f the minimum consumption and accumu-

la t io n .  The l a s t  ex tern a l c o n d itio n  i s  th e  "budget co n stra in t"  

req u ir in g  some ex cess  o f  exp orts over im ports, n ecessary  fo r  re -

paying fo re ig n  d e b ts . The form o f th e se  l im ita t io n s  i s  su b ject  

to  e v o lu tio n  accord ing to  th e  a c tu a l s ta t e  and com p lex ity  o f th e  

model. Further d e t a i l s  are g iven  in  the next part o f th e  paper.

The model con stru cted  in  t h is  way can have a double u se . 

Assuming the most l i k e l y  var ian t o f assum ptions o f changes in  

product-consum ption l im it a t io n s ,  s o c ia l  p referen oes e t c .  we ob-

t a in  a fo re c a st  o f th e  n a tio n a l economy development and th e  in -

form ation about th e  n ecessary  im ports e t c .
On th e  oth er  hand, when we change th e se  assum ptions accord-

ing to  th e  v a r ia n ts  o f th e  economic p o l ic y ,  we oan compare the  

e f f e c t s  o f var iou s p o l ic i e s  and eva lu a te  t h e ir  advantages and 

disadvantages in  comparison w ith o th e r s , ch oosin g  t h i s  one which 

can bring  the most d e s ir a b le  r e s u l t s .
The scheme o f in te r r e la t io n s h ip s  between the model elem ents  

I s  presen ted  in  P ig . 1 .
The below presented  v e rsio n  of th e  model i s  a subsequent 

version  among th ose  which were b ein g  v e r if ie d  in  1982. The 

v ersio n s  have been eva lu ated  on the b a s is  o f d if fe r e n c e s  o f the  

s o lu t io n  generated  by th e  model from th e  ao tu a l s t a t e  o f  th e  

economy in  1980,. s in c e  th e  model in  th e  part concerning in p u t-  

-output equation s u se s  the l a s t  balance co n stru cted  fo r  1980. 

The in p u t-ou tp u t ta b le  pub lished  in  s t a t i s t i c a l  yearbooks oan-

not be used d ir e c t ly  in  our c a lc u la t io n s  m ainly due to  th e  way 

i t  p resen ts  im ports. Imports are a ssign ed  to  a g iven  branoh on 

the b a s is  o f s im i la r it y  o f goods ( e .g .  import o f co a l -  to  th e
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M -  im port

*jk - domestic final product 

qm - imported final product

- domestic inputs coefficient 

kLj - import inputs coefficient

P ig .  2 . C om position  o f in p u t-o u tp u t  model

m ining in d u s try ,im p o r t  o f f e r t i l i z e r s  -  to  th e  chem ical in d u s try ) .  

T h is  does n o t p ro v id e  us w ith  any in fo rm a tio n  on th e  volume o f 

u t i l i z a t i o n  o f im p o rted  goods in  th e  p ro d u o tio n  p ro c e s s  o f a  

g iv en  b ra n c h . U sing  some e x tra n e o u s  in fo rm a tio n  we d iv id e  th e  

in p u t-o u tp u t  model i n to  two p a r t s  -  flow s and consum ption o f 

dom estlo  goods, and flow s and u t i l i z a t i o n  o f  im ported  goods

( P ig .  2 ) .

The d is a g g re g a t io n  o f  th e  model i s  a s  fo l lo w s . P i r s t ,  energy  

l im i t a t i o n s  r e f e r  to  th r e e  b ran ch es  oono ern ing  f u e l  and power 

in d u s try «

1) c o a l  and b r iq u e t t e s  (QFW),

2) f u e l s  (e x c lu d in g  c o a l  and b r iq u e t t e s )  and p ro c e sse d  p ro -

d u c ts  (Q PP),

3) e l e o t r i o  and steam  en erg y  (QFB); 

o th e r  i n d u s t r i e s  are«

4) m e ta l lu rg ic  in d u s t r y  (b a s io  m e ta ls  and n o n - fe r ro u s  m e ta ls ,

QME),

5) e le o t ro - e n g in e e r in g  in d u s t r y  (m e ta l ,  m ach inery , t r a n s p o r t  

equipm ent, e le c t r o n i c  and e l e c t r i c a l  e n g in e e r in g  -  QEM),



6) chem ical and m in e rá l in d u s t r y  (chem ioal in d u s t r y ,  b u i ld -

in g  m a te r ia ls  and p o t te r y ,  o h in a  and ea rth en w are  -  QCH),

7) l i g h t  and food in d u s t r y  (wood and p a p e r , t e x t i l e  and c lo -

th in g ,  fo o tw e a r , food and o th e r s  -  QPO)j

th e  o th e r  b ran ch es  o f th e  economy«

8) c o n s tr u c t io n  -  B,

9) a g r i c u l tu r e  -  v e g e ta b le  p ro d u o tio n  -  HK,

10) a g r i c u l tu r e  -  an im al p ro d u o tio n  and s e r v ic e s  f o r  a g r i c u l -

tu r e  -  RH,

11) f o r e s t r y  -  L,

12) t r a n s p o r t  and com m unication -  T ,

13) t r a d e  -  H,

14) o th e r  s e c to r s  -  PO.

The below p re s e n te d  v e rs io n  o f  th e  model i s  n o t th e  f i n a l  one. 

The model has n o t r e f l e o t e d  th e  i n t e r r e l a t i o n s h i p s  betw een sub-

seq u en t p e r io d s  y e t ( i t  i s  a s t a t i c  m o d el). T h is  means t h a t  th e  

in crem en t o f  p ro d u c tio n  c a p a c i t i e s  caused  by p re v io u s  i n v e s t -

ment o u t la y s ,  i s  n o t in c o rp o ra te d  in  th e  m odel. At p r e s e n t ,  th e  

l im i t a t i o n s  o f  p ro d u c tio n  c a p a c i t i e s  in  th e  model have an exo-

genous c h a r a c te r .  T h is  r e q u i r e s  c a r e f u l  f o r e c a s t in g  o f p ro d u c tio n  

c a p a c i t i e s  o f s e c to r s  in  p a r t i c u l a r  p e r io d s .  Some chosen  v a r i a n ts  

o f such  f o r e c a s t s  a re  d isc u s s e d  in  th e  f u r t h e r  p a r t  o f th e  p a p e r . 

The fo llo w in g  n o ta t io n  i s  in tro d u c e d :

-  t o t a l  dom estic  p ro d u c t o f th e  i - t h  b ranoh  (o a lo u la te d  co-

lum nw ise)

-  th e  i - t h  ty p e  p ro d u c ts  f o r  d i s t r i b u t i o n  ( c a lc u la te d  row-

w ise)

IĈ  -  im p o rts  o f goods o f k ind  produoed by th e  i - t h  b ranch  

_ th e  flow  o f th e  i - t h  ty p e  p ro d u c ts  to  th e  J - t h  branoh

qi  -  f i n a l  i - t h  ty p e  p ro d u c ts

q f -  f i n a l  dom estic  i - t h  ty p e  p ro d u c ts  ( I . e .  f o r  f i n a l  u s e rs )

q® -  im p orted  i - t h  ty p e  p ro d u c ts  f o r  f i n a l  u s e r s  

z .  -  im balanced  sum i n  th e  i - t h  row

Kj -  correction  term which in tro d u c e s  c o r r e c t io n  b ecause  o f 

includ ing to  the t o t a l  p ro d u c tio n  o f th e  j - t h  s e c to r  th e  p ro d u c ts  

belonging to  another b ra n c h .

L e t u s in tro d u c e  th e  fo llo w in g  d e f i n i t i o n s .  The c o e f f i c i e n t



ос (1)

l a  o a l le d  th e  in p u t-o u tp u t  c o e f f i c i e n t .  I t  i e  a sum Of dom estio  

in p u ts  o o e f f lo le n ts

I t  l e  n e c e s s a ry  to  d i f f e r e n t i a t e  betw een and In  ou r 

p a p e r b ecau se  r e p o r t s  d i s t i n g u is h  betw een t o t a l  p ro d u c tio n  o a l -

T h is  i s  a ls o  ta k e n  I n to  account i n  ln p u t-o u tp u t  b a la n c e s .  The 

rows p re s e n t  to te d  p ro d u c tio n  u s in g  th e  p ro d u c t m ethod, w h ile  th e  

columns th e  p ro d u o tio n  c a lc u la te d  by th e  e n te r p r i s e  metho<?.

A ccord ing  to  th e  above d e f i n i t i o n  th e  ln p u t-o u tp u t  o o e f f lo ie n t  

i s  a  sum o f u n i t  dom estio  and Im port in p u ts

The main g o a l o f  o u r model i s  to  lo o k  f o r  suoh v a r i a n t s  o f 

economio p la n s  which a re  c h a r a c te r iz e d  (u n d e r o e r t a in  assump-

t io n s )  by a  maximum f i n a l  p ro d u c t.

The c o n d it io n s  to  be f u l f i l l e d  have th e  fo llo w in g  form :

A. The b a la n c e  o f dom estio  oommodity f lo w s .

These a re  th e  b a la n o e  e q u a tio n s  o f  p ro d u c tio n . ’We sh o u ld  

s t r e s s  t h a t  some u n b a la n c e , which r e s u l t s  from in c lu d in g  i n  th e

к
(2 )

and im port in p u ts  o o e f f lo le n ts

(3 )

c u la te d  by means o f  th e  p ro d u c t method and th e  e n te r p r i s e  me-

thod  q l .

(4)

*1;) e a i j  + ki j
(5)

14

1
4 max. (6 )



t o t a l  p ro d u o tio n  o f  th e  J - t h  a e o to r - th e  p ro d u c ta  b e lo n g in g  to  

a n o th e r  b ran ch  (K ^) and c o r r e c t io n  (* ^ )»  i e  in c o rp o ra te d  In to  

t e c h n lo a l - f i n a a o ia l  o o e f f io ie n t  a ^ ,  i . e .  i f

14

Qi  m L  *13 Q3 + Š  + ERROai  
1-1

th e  e l im in a t io n  o f  th e  e r r o r  l a  reduced  to  th e - fo l lo w in g  equa-

t io n s

/  ERROR. ч r-$ ir f  ">

( 1 "  Qt  “  a l i ) Qi  “  “l j 4  ̂ "  4i  i € {1» 2 » **•»

l i i

In  th e  b ranohea  In  whioh th e  above m entioned u n b a lan ce  doea 

n o t o c cu r o r  i a  i n a lg n l f lo a n t ,  th e  o la a s lo a l  In p u t-o u tp u t  e q u a tio n  

waa assum ed, I . e .

14 

( l  -  a±1)Q1 -  £  “ i jQ j  -  ч{ i €  | l ,  2 ,  . . . .  1 4 J . (7 " )

3 * i

In  g e n e ra l  t h i a  e q u a tio n  can  be w r i t t e n  aa

14.

( Wi  “  ^ l ) 3!  "  B13Q3 “  41 1 "  1* 2 * *** '
(8)

3«<i
w here:

ERROR.

' i  “  1 "  “5Г

B . The b a lan o e  o f  Im ported  oommodlty flow s*

H

Z_y k13Q3 + í  “ “ l  1 * 1 » 2 » • • •»  U * ( 9 )
3-1



C. P ro p o r tio n s  betw een f i n a l  Im porte  (q™) and f i n a l  dom estio  

p roduo t (q k ) .

q“/ q j <  t ± 1 - 1 ,  2,  . . . »  14. (10)

Baoh o f  th e  above i n e q u a l i t i e s  sh o u ld  be I n te r p r e te d  as 

fo llo w s . P o r each z ło ty  o f  f i n a l  dom estio  p roduo t o f  th e  i - t h  

ty p e  no more th a n  t ^ z lo ty s  o f  th e  i - t h  ty p e  p ro d u c t oan be 

Im ported  f o r  f i n a l  u s e .  I t  sh o u ld  be added th a t  q™ o o n ta ln s  n o t 

o n ly  th e  oonsum ptlon o f  Im ported  goods b u t a ls o  im p o rts  f o r  in -

vestm ent p u rp o se s , increm en t o f stoolc and th e  so  o a l le d  r e - e x p o r t .  

Thus, th e  p a ra m ete r  sh o u ld  be d e te rm in ed  on th e  l e v e l  n o t 

low er th a n  t h i s  one r e s u l t i n g  from p lanned  v a lu e s  o f  th e s e  c a te -

g o r ie s  in  r e l a t i o n  to  p lanned  volume o f  f i n a l  dom estic  p ro d u c tio n  

in  t h i s  s e o to r .

D. The "minimum e x is te n c e "  re q u ire m e n t.

C o n d itio n s  (11) r e s u l t  from th e  o l a s s i c a l  b a la n c e  o f  f i n a l  

p ro d u o t, i . e .  from th e  e q u a tio n  qĵ  ■ C.̂  + o r ,  q^ -  E^ ■

q^ — Ajl 1 — 1,  2 , ••  . , 14. ( 11)

The aim o f  th e  above system  o f i n e q u a l i t i e s  i s  th e  p r o te c t io n  

a g a in s t  g e n e ra tin g  an u n a c c e p ta b le  v a r i a n t  o f  th e  economic p la n .  

I t  i e  an open q u e s tio n  what u se  can  be made o f  th e  ex c ess  o f 

th e  l e f t  hand s id e  (11) o v e r  th e  assumed r ig h t  hand s id e .  T h is  

oan be used  b o th  f o r  a d d i t io n a l  e x p o r ts  and f o r  th e  a d d i t io n a l  

( In  r e l a t i o n  to  th e  assumed l e v e l )  consum ption o r /a n d  accum ula-

t i o n .

E. R equirem ents o o n c e rn ln g  th e  s t r u o tu r e  o f  f i n a l  p ro d u o ts .

The system  o f  i n e q u a l i t i e s  (12) was d e r iv e d  f i r s t  o f  a l l  to  

P ro te c t  th e  s o lu t io n  g e n e ra te d  by th e  model a g a in s t  s o c ia l ly  

In a c o e p ta b le  s t r u c tu r e  o f  th e  f i n a l  p ro d u o t. Each in e q u a l i ty  (12) 

oan be t r e a t e d  a s  a  k ind  o f  co m p le tio n  o f  th e  c o rre sp o n d in g  in -

e q u a l i ty  (1 1 ) . I t  m e a n s ,i f  I n e q u a l i ty  (11) I s  th e  so  o a l le d  low er 

bound f o r  th e  f i n a l  p ro d u o t q^ , in e q u a l i t y  (12) i s  th e  so  c a l le d  

" l iq u id a te d "  u p p e r bound f o r  t h i s  p ro d u c t .  I t  sh o u ld  be ex-

p e c te d  t h a t  th e  r o le  o f  c o n s t r a in t s  (12) w i l l  be th e  l a r g e r ,  th e
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l a r g e r  w i l l  be th o  e x c e s s , mentioned above in  p o in t D, over the  

minimum consumption and accum ulation .

14
q^/ q̂  ^  1 «  1, 2, . . . ,  14* (12)

The parameter ß ^ ( 6 ( 0 ,  D ) d e n o te s  a  maximum a d m is s ib le  

share o f f in a l  produotion o f  th e  i - t h  b ran ch  i n  th e  t o t a l  f i n a l  

n rod u ction . Let us n o te  t h a t  sh o u ld  be ohosen as

14

L  p i  * 1* 
i= i

The s t r u c tu r e  o f  th e  f i n a l  p rod uo t w i l l  be o f  o o u rse  c lo s e r  

to  the s t r u c tu r e  o f th e  c lo s e r  w i l l  be to  u n ity .H o w ev er,

12 ^  >  1 sh o u ld  be l e f t  a s  a m argin  n o t o n ly  f o r  nu m erica l 

rea so n s. I t  a ls o  r e f l e c t s  th e  f a o t  t h a t  we oan be p r e t t y  su re  

what in d iv id u a l  s h a re  p ^ oan s t i l l  be a c o e p te d , b u t o u r  con-

f id en ce  d e c re a s e s  when th e  e n t i r e  s e t  o f th e  e h a re s  ( th e  s t r u c -

tu re  o f f i n a l  p ro d u c t)  I s  co n cern ed . I t  sh o u ld  be m entioned 

th a t r e s t r i c t i o n s  (12) a re  v e ry  t r i c k y .  A c tu a l ly ,  i n  any a c c e p t-

ab le s o lu t io n  th e  sum o f  th e s e  s h a re s  e q u a ls  to  o n e . Has any 

p a r t ic u la r  p ro d u o t had t h i s  s h a re  to o  h ig h  -  some o f  th e  o th e r s  

should have t h is  s h a re  v e ry  low . T h is  may a o t iv a te  o th e r  g roups 

of r e s t r ic t io n s  (10 , 11, 13" )• As a  r e s u l t  on ly  few r e s t r i c -

t io n s  (12 ) work aa th e  b in d in g  c o n s t r a in t s .

P. Production o a p a c ity  o f p a r t io u la r  s e c to r s .

These c a p a c it ie s  can be introduced in  two ways: e i th e r  in  th e  

form o f  a ty p ic a l  upper bound 0  3 ') or in  th e  form o f  c o n s tr a in ts  

imposed on t o t a l  production  s tr u o tu r e , i . e .  (13" )- However, In  

the l a t t e r  case  th e  l im it in g  s e c to r s  should s t i l l  have oa p acity  

c o n s tr a in ts  o f the type (13') . In  s p e c ia l  c a ses  (1 3 ')  and (1 3 " )  

can be tr e a te d  as s u b s t i t u t io n s ,  e .g .  in  th e  c a se  when a sen-

s ib le  r e l ia b le  fo r e c a s t  o f  production  c a p a c it ie s  in  a g iv en  se c -

to r  i s  m iss in g , or in  th e  case  o f s e c to r s  in  whioh production  

volumes are d e r iv a t iv e s  o f th e  production  volumes o f o th er  se c -

t o r s ,  as i t  i s  th e  ca se  in  such s e c to r s  as trad e and tra n sp o rta -

t io n  and communication.



<  5i  i  e  j i ,  2 , . . . ,  1 4 J . ( 1 3 ')

V

14

ž
^  ac^ i  £ ^ l , 2 , . . « ,  14

•>
( 1 3 " )

The p a ra m e te r  shou ld  s a t i s f y  s im i la r  c o n d it io n s  a s  ^  in  

( 1 2 ) .  I n  th e  f u tu r e ,  w ith  p ro p e r ly  s p e c i f ie d  submodel g e n e ra tin g  

th e  dynam ics o f c a p a c i ty ,  v e r s io n  ( 13')  w i l l  be p r e f e r a b le .

G. F o re ig n  t r a d e  b a la n c e  (b u d g e ta ry  c o n s t r a i n t ) .

The c o n s t r a in t  r e p r e s e n ts  th e  p o s tu la te  o f a c h ie v in g  a t  l e a s t  

a g iv en  s u rp lu s  o f e x p o rts  o v e r im p o rts :

14 14

L h -  L a r > ( u '
i -1  i -1

I f  th e  ex cess  i s  n e g a t iv e ,  th en  (14) can be r e w r i t te n  as

14 14

L  Mi  -  Ľ  s i  *  -*
i -1 i-1

H, P in a l  p ro d u o tio n  b a la n c e .

The f i n a l  p ro d u o tio n  b a la n c e  in  th e  fo llo w in g  c a te g o r ie s :  

°onsum ption , accu m u la tio n  and e x p o r ts ,  i s  ta k e n  in to  accoun t in  

(•11). I n  th e  c a te g o r ie s  o f  f i n a l  im p o rts  and f i n a l  dom estic  p ro -

d u c tio n  t h i s  b a lan o e  i s  p re s e n te d  i n  th e  form o f e q u a tio n s -  

d e f ln i t i o n s  (15)«

» 4 i + q”  i  ■ 1» 2 , . . . ,  14 (15)

The system  o f e q u a tio n s  and i n e q u a l i t i e s  ( 8 ) - (1 5 )  com pleted  

w ith  n o n - n e g a t iv i ty  c o n d it io n s  (16) and c r i t e r i o n  fu n o tio n  (6 )  

forms a c l a s s i c a l ’l i n e a r  programming problem :
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14

( Wi  * a i i ) Qi  -  T j  a i j Qj  “ 
> 1 
№

14

L  ki3 « i  * * i  •  “ i

1™/ 4j[ ^  

qi  “ E1 >  5i  + - 1  

14

' h / L  ’ 1 5  S1

« 1 «  5 l  

14

Qi ' L  “i « * i

14 14

T j  Bi  "  L Mi > a * 
i«1 1-1

1 »  1f 2 , • • • !  14#

1 6  ^ 1 , 2 , • • • i

к , m 
q± -  q± +

>  O, ^  O, q^ ^  Of 

q j  >  O, E± ž  O, Mt  >  O, 1 - 1 , 2 , . . . ,  14.

(16)

I n  I t s  p re s e n t  v e r s io n  I t  has 99 c o n s t r a in t s  and 84 d e c is io n

v a r i a b le s .

I n i t i a l  f o r e c a s t s  g e n e ra te d  by th e  model

We s h a l l  s t a r t  w ith  th e  assu m p tio n s about th e  p a ra m e te rs  o f 

( 6 ) - 0 6 >  These assu m p tio n s w i l l  be d is c u s s e d  su b se q u e n tly  a c co rd -

in g  to  c o n s t r a in t s  o f th e  above p re s e n te d  m odel.



A. B alan ce  o f flo w s o f  dom estic  com m odities

The b a s is  f o r  c o n s tr u c t in g  th o se  e q u a tio n s  a re  th e  u n i t  in p u t 

c o e f f i c i e n t s  a ^ .  F o r th e  y e a r  1980 th e  m a tr ix  [а ^ ]  kas been 

u se d . T here a re  s l i g h t  d i f f e r e n c e s  on ly  i n  power in d u s t r y  and 

o th e r  fo u r  b ran ch es  where th e  c o e f f i c i e n t s  a i;L have been c o r r e c -

te d  due to  u n b a lan ce  e r r o r s  ( o f .  ( ? ' ) ) .  The most s ig n i f i c a n t  

proved to  be th e  c o r r e c t io n  made f o r  m e ta llu rg y  where th e  c o e f -

f i c i e n t  a ^  c a lc u la te d  a c c o rd in g  to  th e  c l a s s i c a l  d e f i n i t i o n  ( o f .

( 2 ) ) was o v e re s tim a te d  by abou t 7056. The c o r re o te d  v e rs io n  o f 

c o e f f i c i e n t  m a tr ix  [ a ^ j ]  was used  to  g e n e ra te  th e  s o lu t io n s  f o r  

1990 and 2000.

I n  o rd e r  to  i l l u s t r a t e  th e  p o s s i b i l i t y  o f  e x te r n a l  dynom iza- 

t io n  i t  was assumed th a t  energy  consum ption o f th e  economy t i l l  

1985 would be k ep t on th e  1980 l e v e l  and th e n  i t  would de-

c re a s e  by 1.7% a n n u a lly  (m a in ly  due to  te c h n ic a l  im provem ents 

In  energy  u t i l i s a t i o n ,  s in c e  we sh o u ld  n o t ex p ec t a  s ig n i f i c a n t  

d e c re a se  o f  energy  consum ption by r e p la c in g  th e  energy-consum ing - 

te c h n o lo g ic a l  p ro o ess  by l e s s  energy-consum ing p r o c e s s e s ) .  T h is  

cau ses  a  ohange i n  th e  c o e f f i c i e n t s  a ^ j f o r  th e  rows o f power 

s e c to r s  ( i . e .  rows QPW, OFP, QFE) a c c o rd in g  to  th e  fo llo w in g  

scheme j

a ’ ’ 50 -  < 0 .9 8 3 )5. ’ f °  and a™ 00 .  <0.983>15a ’ f  0

Of c o u rse  th e  changes o f  u n i t  In p u t c o e f f i c i e n t s  a ^  need n o t 

In c lu d e  a l l  s e c to r s  to  th e  same d e g re e . I t  i s  a ls o  p o s s ib le  to  

ta k e  i n to  accou n t s in g le  ohanges o f c o e f f i c i e n t s  f o r  a  chosen 

P e rio d  oonneoted e .g .  w ith  th e  expeo ted  change o f tec h n o lo g y . 

po r  in s ta n c e ,  t r a n s i t i o n  from th e  wet tec h n o lo g y  o f cement p ro -

d u c tio n  to  d ry  p ro d u o tio n  tec h n o lo g y  d im in is h e s , among o th e r s ,  

e l e c t r i c  energy  consum ption which i s  r e f l e c t e d  by d im in ish in g  

th e  c o e f f i c i e n t  a ^ ^ .

B. B alanoe o f  im p o rted  commodity f lo w s .

F o r th e  y e a rs  1990 and 2000 th r e e  f i r s t  rows o f m a tr ix  k ^  

( i . e .  f o r  QFW, QPP and QPE) were changed a c c o rd in g  to  th e  assump-

t io n  o f  an an n u a l d e c re a s e  o f  energy  consum ption i n  th e  whole 

economy by 1.756 b e g in n in g  from th e  y e a r  1985.



Suoh an approaoh ia  tru e  when we tr e a t  th e  whole supply im-

p o r ts  as complementary and p rop ortion a l to  th e  domeetic^'.produc-

t io n .
N a tu r a lly , i f  a dom estio s u b s t itu te  i s  found, th e  s i z e  o f  

a p a r t ic u la r  flow  (or  a group o f flo w s) may d ecrease  or even  

disappear whioh should be r e f le c t e d  by an appropriate  decrease  

o f th e  c o e f f ic ie n t  (o r  a group o f  o o e f f io ie n t e )  k ^ .  In  th e  

v a r ia n ts  fo r  th e  years 1990 and 2000 th e  c o e f f ic i e n t s  k ^  fo r  

power se o to r s  are determ ined on th e  b a s is  o f  th e  dependenoet

*’ f °  -  <0.98J>5*’ f O .  CO.Sejl’ M f 0

C. P roportions between f in a l  im ports ( q j )  and f in a l  dom estic

product.
Por both v a r ia n ts  ( i . e .  fo r  th e  years 1990 and 2000) th e  

assumed l e v e l  o f  th e  maximum share o f  f in a l  im ports in  f in a l  

dom estic produot was by about 50% h igh er than th a t reported  in

1980.
The param eter was determ ined on th e  b a s is  o f  th e  form ula!

= q j/q f 1.5,

where q™ and q^ .are th e  v a lu es  o f f in a l  im ports and f in a l  domes-

t i c  produot in  the i - t h  branoh reported  fo r  1980, r e s p e c t iv e ly .
D, The mini mum e x is te n o e  l e v e l s  o f  consumption and accumula-

t io n .
We assumed th at th e  l e v e l  o f consumption and accum ulation, 

s ta r t in g  from 1980, would r e v e a l, f i r s t ,  a downward trend  (up to  

1983-1984) and then  i t  would in c re a se  to  ach ieve  in  1990 th e  

1980 l e v e l .  In  subsequent years 1990-2000 a 1% annuel growth r a te  

o f consumption and accum ulation was assumed, i . e .

- i  " - i  2000 “ 1,01 Ci  + Ai  1980*

The fo llo w in g  v a r ia n ts  fo r  th e  miniaum l e v e l  o f  consumption

end accum ulation were taken (T ab. 1 ) .



T a  b' 1 e 1

The minimum assumed f o r  accu m u la tio n  and consum ption

Year QFVf QFP QPE QME QEM QCH QPO

• 19.90 

2000
3 557 

3 929

31 618 

34 925

22 344 

24 681

6 670 

7 368

441 667 

487 875

102 336 

113 043

750 370 

828 875

Year В BR RH L T H PO

1990

2000
422 015 

466 167

6 815

7 528

53 962 
59 608

1 229 

1 358

92 444 

91 069

259 012 
286 110

39 075 

43 163

In  b i l l ,  z ł ,  1980 p r i c e s .

E . R equirem ents r e f e r r i n g  to  th e  f i n a l  p ro d u c t s t r u c tu r e .

In  a l l  v a r i a n ts  o f 1990 and 2000 a  " lo o se n e ď 'b y  50Í& s t r u c tu r e  

re p o r te d  f o r  1980 was assum ed, i . e .

T a b l e  2

The s h a re s  o f f i n a l  p ro d u c t in  1980

S e c to r QFiY QFP QFE QME QEM .QCH QPO

^ ßi 0 .0 4 0 .04 0 .02 0 .035 0 .3 0.1 0 .35

S e c to r В BR RH L T H PO

Pi 0 .25 0 .05 0.05 0.01 0.1 0 .15 0 .025

F . P ro d u c tio n  c a p a c i ty  o f p a r t i c u l a r  s e c t o r s .
F o r th e  s e c to r s  QME, QEM, QCH, QPO, B, T , H, PO we had no t 

go t s a t i s f a c t o r y  f o r e c a s t s  foi* th e  y e a rs  1990 and 2 0 0 0 . T h e re fo re , 

In  o rd e r  to  l im i t  th e  p ro d u c tio n  c a p a c i ty  o f th e s e  s e c to r s  i n -

e q u a l i t i e s  ( 1 3 " )  were u se d . The p a ra m e te r  was assumed a t  th e  

le v e l  r e a l iz e d  f o r  1980, i . e .

14
o 8 0 , У  q 80

* i я Qi 1 L  Qi  
1-1



The s h a re s  of s e le o t e d  p r o d u c t io n  c a p a c i t i e s  i n  1980

S e c to r QME QEM QCH QPO В T H PO

* i 0.0595 0.185 0.0756 0.2401 0.0927 0.0689 0.0562 0.0163

P o r  o t h e r  s e c t o r s  i n e q u a l i t y  (13 ')  was u s e d .  T h is  r e q u i r e d  

t h a t  f o r e c a s t s  o f  p ro d u c t io n  c a p a c i t i e s  o f  th r p e  s e c t o r s  heul to  

be g e n e ra te d .

For s e c t o r s  RR, RH, and L a 2% annual r a t e  o f  growth s t a r t i n g  

from 1985 was assumed. P o r  b o th  a g r i c u l t u r a l  s e c t o r s ,  t h e  y e a r  

1985 was assumed a t  t h e  l e v e l  o f  t h e  b e s t  y e a r  o f  1976-1980, i . e .  

RR ^yg and R H ^^g , w h ile  f o r  L - th e  1980 l e v e l , i . e .  T ab le  4

p r e s e n t s  p ro d u c t io n  c a p a c i ty  e s t im a te d  i n  t h i s  way.

T a b l e  4

P ro d u c t io n  c a p a c i t i e s  assumed f o r  a g r i -
c u l t u r e  and f o r r e s t r y

Year RR RH L

1985
1990

2000

446 593 

493 075 

601 055

409 588 

452 218 

551 252

31 266 

34 520 

42 079

I n  b i l l ,  z ł ,  1980 p r i c e s .

The b a s i s  f o r  f o r e c a s t s  f o r  t h e  s e c t o r s  QFY/, QPP and QPE were 

th e  d a ta  p re s e n te d  by K. Kopeclci i ń  " J u t r o  e n e rg e ty c z n e  P o l s k i ” 

("Tomorrow o f  t h e  P o l i s h  E n e r g e t i c s " ) ,  Wiedza Powszechna, Warsaw 

1981. Prom th e s e  d a t a  th e  s o - c a l l e d  " s t r o n g " v a r ia n t  o f  t h e  n a t i o -

n a l  economy development was s e l e c t e d . Such an approach  needs some 

j u s t i f i c a t i o n  i n  th e  c a se  o f  heavy economic c r i s e s .  We s h a l l  p r e -

s e n t  i t  below.

E s t im a te s  a c c o rd in g  t o  t h e  s t r o n g  v a r i a n t  f o r  1990 a r e  gene-

r a l l y  t h e  same as th o s e  made by J .  D an ie lew sk i ("Ż y c ie  Gospodar-

c z e " ,  Но. 35, v o l .  XXXVII, 19 S e p t .  1982, p .  4) excep t f o r  brown 

c o a l  ( th e  t a b l e  p r e s e n te d  i n  t h e  a r t i c l e  shows a d i f f e r e n t  ap-

p ro ach  t o  so u rc e s  and consum ption o f  e n e rg y ) .  The summary o f  th e  

assum ptions  i3  shown i n  Tab. 5 .



T а  b Д e 5

P e r  o e a t  i n o re a s e  o f  energy  r e s o u r c e s  ( i n  5»)

Source  o f  energy 1980-1985 1985-1990 1990-1995 1995-2000

Coal and b r i q u e t t e s  
• (QPW) 83*3 13*6 20 .4 6 .4

L ig u id  and gas  f u e l s
(QPP) 2 9 .3 18 .8 19.0 17 .3

E l e c t r i c  and h e a t  power
(QPE)

•

12.5 31.5 30.9 34.4

On t h e  b a s i s  o f  Tab. 5 t h e  f o r e c a s t s  o f  p ro d u o t io n  c a p a c i t i e s  

i n  s e c t o r s  QPW, QPP and QPE have been made (T ab . 6 ) .

T a b l e  6

P ro d u c t io n  c a p a c i t i e s  assumed f o r  o o a l ,  
f u e l s  and e l e c t r i c  energy

Year QPW QPP QPE

' 1990 

2000

280 424 

359 240

205 932 

287 454

134 013 

235 770

I n  b i l l ,  z ł ,  1980 p r i c e s .

C. P o re ig n  t r a d e  b a la n o e .

I t  i s  assumed f o r  t h e  y e a rs  1985-2000 t h a t  th e  annual b a la n c e  

* i l l  be p o s i t i v e  and eq u a l  t o  US jS 3 .5  b i l l .  i . e .  about 210 000 

b i l l ,  z ło t y s  ( i n  t h e  base  y e a r  1980 US jS 1 « 60 z ł ) .  Thus, i n  

aubeequent v a r i a n t s  ft в 210 ООО ( i n  b i l l ,  z ł o t y s ,  1980 p r i o e s ) .  

b o th  1990 and 2000 v a r i a n t s  c o n d i t io n  ( 1 4 ) was u se d .

As an i l l u s t r a t i o n  o f  t h e  p i l o t  model exp e rim en ts  we s h a l l  

P re sen t  a  com parison  o f  f o u r  v a r i a n t s  o f  s o l u t i o n  (A, B, C ,and D, 
Tab. 7 ) .

Except f o r  t h e  p a ra m e te rs  a ^  ( b a la n c e  o f  dom estic  commodity 

Hows (8 ))  and k^ j  ( b a la n c e  o f  im p orted  commodity f lo w s(9 ) )  a l l  

th e  rem ain ing  p a ra m e te rs  o f  t h e  model a r e  o o n e ta n t  f o r  th e  

V a r ia n ts  А, В, C, and D. The p r e s e n te d  v a r i a n t s  a re  c h a r a c t e r i z e d

d i f f e r e n t  a ssum ptions  c o n c e rn in g  th e  p re se n c e  o r  absence of 

a downward t r e n d  i n  energy  consum ption i n  o u r  economy and p o s s i -

b le  re a so n s  f o r  t h i s  d e c re a s e .  T h e re fo re ,



Comparison o f  f o r e c a s t s  f o r  g lo b a l  p ro d u c ts  o f  b ran c h e s  o f  th e  
n a t i o n a l  economy a t  v a r io u s  assum ptions  o f  energy  consumption

(.1980 -  100)

V a r ia n t P ro d u o tio n

Seo- A В С D
c a p a c i t i e s

t o r 1990 2000 1990 2000 1990 2000 1990 2000 1990 2000

QPW 192x 232x 197х 262х 197х 262х 192х 232х 208 267

QFP 154 214 154 214 154 214 154 214 154 214

QPE 148 215x 148 250х 148 250х 148 215Х 148 260

QME 139 172 139 175 139 175 139 172 - -

QEM 141 176 142 178 142 178 141 176 - -

QCH 139 172 139 175 139 175 139 172 - -

QPO 129* 157x 129х 157х 129х 157х 129х 157х - -

В 137 170 138 173 138 173 137 170 - -

RR 124 151 124 151 124 151 124 151 124 151

RH 122 149 122 149 122 149 122 149 122 149

L 110 135 110 135 110 135 110 135 110 135

T 138 171 138 174 138 174 138 171 -

H 140 174 140 177 140 177 140 174 - -

PO 137 170 138 173 138 173 137 170

Qi
136 169 136 172 136 172 136 169 x X

qi
138 174 138 174 138 174 138 174 x X

x -  d e n o te s  p r o d u c t io n  c a p a c i t i e s  n o t  f u l l y  u t i l i z e d .

-  t h e  v a r i a n t  A assumes th e  energy  consumption d e c re a s e  by 

1.7% p e r  y e a r ,  s t a r t i n g  from 1985, b o th  i n  dom estic  ( a ^ j )  *m” 

p o r te d  energy  s o u rc e s ,
-  t h e  v a r i a n t  В ( p e s s i m i s t i c )  does no t a l low  f o r  ohanges i n  

energy  consumption ( a ^  and rem ain  a t  t h e  1980 l e v e l ) ,

-  t h e  v a r i a n t  С assum es 1.7% ave rage  annual d e c re a s e  of energy  

'.onsumption o n ly  i n  im ported  energy s o u rc e s  ( j )* a i j  rem ains  a t  

th e  1980 l e v e l ,

-  t h e  v a r i a n t  D assumes 1.7% a v e rag e  annual d e c re a s e  of energy 

co.isumption on ly  i n  dom estic  energy  so u rc e s  ( a i j ) í  rem ains  a t  

t h e  1930 l e v e l ,



-  x  -  d e n o te s  p ro d u o t io n  c a p a c i t i e s  n o t  f u l l y  u t i l i z e d  ( se e  

Qj o r  жŁ o f . (13 ')  and (13")-

Prom th e  above com parison i t  i s  a p p a re n t  t h a t  u n d e r  our  

a ssum ptions about 70& in o r e a s e  of g ro s s  p ro d u o t io n  can be e x p ec ted .  

I t  i s  no t a h ig h  r a t e  f o r  an a lm ost 20 y e a r  p e r io d  of development. 

However, i t  shou ld  be n o ted  t h a t  t h e r e  i s  an o p in io n  t h a t  up t o  

1990 t h e  main g oa l  o f  t h e  economy w i l l  be t o  r e s t o r e  e q u i l ib r iu m ,  

to  overoome b o t t l e - n e c k s  and t o  a c h ie v e  a f i n a n c i a l  s u rp lu s  i n  

fo re ig n  t r a d e .  I n  power i n d u s t r y , t h e  main l i m i t i n g  r o l e  i s  p layed  

by l i q u i d  f u e l  i n d u s t r y  w ith  c o a l  b e in g  t h e  next. I n  o t h e r  a e c to r3  

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

p ro d u c t io n  and th e  s h a re  o f  p a r t i c u l a r  i n d u s t r i a l  b ran ch es  i n  th e  

e ro a s  o u tp u t .  I f  t h e  p ro d u c t io n  tech n o lo g y  o f  t h e  n a t i o n a l  econo-

my i n  2000 i s  t o  remind th e  1980 tech n o lo g y  (by tech n o lo g y  we 

mean u n i t a r y  raw m a te r i a l  consum ption) th e n  t h e  comparison o f  

V a r ia n ts  A, C, D w ith  В p o in t s  out t h a t  t h e  d e c re a s e  o f  energy 

oonsumptlon by 1«7% a n n u a l ly  does no t p ro v id e  a s u f f i c i e n t  p re -

r e q u i s i t e  f o r  a  s i g n i f i c a n t  growth o f  t h e  eoonomy. Thus, i n  th e  

f u tu r e  i n v e s t i g a t i o n s  more a t t e n t i o n  shou ld  be p a id  t o  th e  assump-

t io n s  co n cern in g  t e c h n o lo g ic a l  chan ges .  The problem o f  model dy-  

f tem ization  shou ld  a l s o  be so lv ed  th ro u g h  p ro p e r  t r a n s f o r m a t io n  of 

c u r r e n t  annual inv es tm en t  o u t la y s  i n t o  t h e  f u t u r e  c a p a c i ty  i n -

o re a s e .

J a n  B. G ajda , D oro ta  M lszczyńska , Marek M iszozyńsk i,
Łucja  Tomaszewicz, J e r z y  S . Z i e l i ń s k i

OGRANICZENIE ENERGETYCZNE A OPTYMALNY ROZWÓJ 
GOSPODARKI POLSKI

P rzy  k o n s t r u k c j i  prezentow anego modelu za główne o g ra n ic z e n ie  
rozwoju gospodarczego p rzy jm u je  s i ę  zasoby p a l iw ow o-energe tyczne . 
0&lszym i o g ran ic ze n ia m i s ą  m ożliw ości p ro d u k cy jn e ,  importowe, 
a ta k ż e  znaczna sztyw ność s t r u k t u r y  p ro d u k c j i  uwarunkowana s t r u k -
t u r ą  k a p i t a ł u .  Opis powiązań pomiędzy d z ia ła m i  g o s p o d a rk i .^ a ro d o -  
^ ej  ma p o s ta ć  modelu i n p u t - o u tp u t  w y różn ia jąceg o  14 d z ia łó w , ym
3 e n e rg e ty c z n e .  , „ ,

C e n t ra ln ą  część  modelu stanow i u k ład  warunków
8 k lasyoznego  system u równań i n p u t - o u tp u t  Q e  AQ + Я* 
Uzupełniony j e s t  warunkami dotyczącym i s t r u k t u r y  doohodu n a ro d o -

w®go b r u t t o  qi / ^ q 1 <  fł± , z d o ln o ś c i  p rodukcy jnych  wybranych

wychodzący 
Układ t e n



działów, dochodu narodowego tworzonego w ponzozególnych d z ia ł a c h  
oraz salda handlu zagranicznego (w yp łaca lność  w ie rzyc ie lom  z a g ra -
nicznym) .

Klasyczny model Q -  AQ + q z o e t a ł  zmodyfikowany do p o s ta o i  
Q + M * ocQ + q z powodu o h a ra k te ru  d o s tę p n e j  in fo r m a c j i  e t a t y -
stycznej (M -  im p o r t ) .

Model s tanow i punkt w y jś c ia  d l a  a n a l i z y  s ta n u  i  m ożliw ości 
g o sp o d a rk i  w o k r e s i e  bieżącym i .  o k resa c h  p rz y s z ły o h .  Programowa-
nie rozw oju gosp odark i  narodowej- odbywa s i p  poprzez  w arian tow an ie  
z d o ln o ś c i  p rodukcyjnych, s t r u k t u r y  dochodu narodowego ( ß ^ ) ,  s t r u k -

t u r y  przepływów m iedzygałęziowych ( a ^ ) -


