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I. I N T R O D U C T I O N

T h e aim  o f  th is  s tu d y  is ex ten d in g  the e lem en ta ry  in p u t-o u tp u t p rice  m odel 
to rep re se n t the ro le  o f  ind irect taxes (fo rm u la tio n  o f  the in p u t-o u tp u t p rice  
m odel can  be found  e.g . in R. E. M iller & P. D. B lair 1985). T h e  p ro p o sed  e x ­
tension  is m a in ly  b ased  on the so lu tio n s  p resen ted  by  R. B ardazz i & M. G rassin i 
(1991 ) and M. G rassin i (1997). T h e  final fo rm u lation  m eets  th e  p ro b lem  o f  un ­
av a ila b ility  o f  d e ta iled  d a ta  on tax co m p o n en ts  in ind iv id u al ce lls  o f  in p u t-o u tp u t 
tab les , w h ich  is likely  not on ly  the P o lish -spec ific  d ifficu lty .

B u ild ing  such  a m odel w as d ic ta ted  m ain ly  by so m e casual n eed s, i.e. e x a m ­
in ing  e ffec ts  o f  p o ss ib le  im port tax  in troduc tion  and  e ffec ts  o f  ad a p tin g  V A T  
ra tes  to th e  EU stan d ard s. H ow ever, m odel can  also  fu n c tio n  as  a b lo c k  o f  the 
IM P E C  m o d e l o f  the  P olish  econom y .

II. IN D I R E C T  T A X E S  A N D  P R IC E  F O R M A T I O N  -  E X T E N S I O N  O F  
T H E  E L E M E N T A R Y  IN P U T -O U T P U T  P R IC E  M O D E L

A n im p o rta n t fea tu re  o f  the p resen ted  ex ten sio n  in c lu d es in th a t it is based  
on the s tru c tu re  o f  the  ac tu a lly  av a ilab le  in p u t-o u tp u t da ta , w h ich  -  in the  ca se  o f  
P o land  -  co n fo rm  w ith  p rin c ip le s  o f  the S ystem  o f  N atio n al A cc o u n ts  (SN A ). 
T h u s , for tra n sp a re n c y  o f  fu rthe r co n s id era tio n s  it is n ec essa ry  at th is  p la ce  to 
focus on se lec ted  d a ta  issues and  p rice  concep ts.

In the S N A , the tw o m ain  ca tego ries o f  p rices are used, i.e. b as ic  p rices and 
final p rices  (see The System o f  National Accounts vol. II (1997)). B asic  p rices are 
defined  as am o u n ts  o f  m oney  received by p roducers for th e ir  p roducts, not co u n t­
ing any  taxes and subsid ies, as well as trade and transport m arg ins. Final p rices are 
am oun ts  as seen  from  consum ers ' po in t o f  view , i.e. they are inc lu sive  o f  all taxes 
and m arg ins. T h e  rela tion  betw een  basic  and final p rices can  b e  p resen ted  as fo l­
low s (see Z ienkow sk i 2002):
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basic  p rice
+ cu s to m s d u tie s  and  o th e r  im port ch a rg es  
+ ex c ise  and  taxes on  se lec ted  se rv ices  (gam b lin g , lo tte ry  etc .) 

su b sid ies
+ V A T  
+ trad e  m arg in  
+ tran sp o rt m arg in
= final p rice  (p u rc h a se r’s p rice , m arke t p rice).
A cc o rd in g  to  p rin c ip le s  o f  the S N A , in te rm ed ia te  and final co n su m p tio n  are 

ev a lu a ted  in final p rices , w h ereas  g lobal o u tp u t, im ports  and  ex p o rts  -  in basic  
p rices.

R efe rring  to  th e  ab o v e  d efin itio n s , g lobal o u tp u t o f  a g iv e n  b ran ch  in basic  
p rices is o b ta in ed  by ad d in g  up m ateria l co s ts  -  ev a lu a ted  in final p rice s  -  and 
v a lue  added  o f  tha t b ranch . A s a co n seq u e n ce , basic  p rice  o f  a g iv en  p roduct is 
am o n g  o th e r  th in g s , a function  o f  all ind irec t taxes paid  on  p ro d u c ts  and  se rv ices  
used in the p ro d u c tio n  p rocess.

A m o n g  in d irec t taxes, the ro le  o f  V A T  in p rice  fo rm a tio n  req u ires  a c lo ser 
c o n s id era tio n . “T h e  p ro d u c e r’s tax liab ility  is g iven  by the  d if fe re n c e  b e tw een  
the tax ch a rg ed  on h is  sa les  and that paid  on  h is p u rch ases  o f  in te rm ed ia te  goo d s 
an d  se rv ic es” (see  R. B ardazz i and M. G rassin i 1991). In such  case , V A T  on 
in te rm ed ia te  p ro d u c ts  and se rv ices  m akes in fact no co s t to  the  p ro d u ce r, w h ile  it 
can  be fu lly  d ed u c ted  from  h is tax liability . In te rm s o f  p rices , V A T  d o es  not 
a ffec t bas ic  p rice  bu t ra th e r the final p rice  and , th e re fo re , can  be trea ted  as a tax 
on final co n su m p tio n . H ow ever, o ften  th e re  a re  e x e m p tio n s  from  such  a “ p u re” 
V A T  sy stem , i.e. th e re  a re  ru les lim iting  ded u c tio n  o f  tax  paid  on  p ro d u c e r’s 
inputs. R. B ardazz i and M. G rassin i (1991) m en tion  th ree  typ ica l rea so n s  fo r 
w h ich  d ed u c tio n  o f  V A T  is restra in ed  in m ost o f  the  EU co u n tries . F irs tly , se c ­
to rs se llin g  p ro d u c ts  o r se rv ices  w h ich  are ex em p ted  from  V A T  (in  P o land : e d u ­
ca tio n , hea lth  ca re , pu b lic  ad m in is tra tio n  serv ices , financia l se rv ic e s  e tc .) have 
no rig h t to d ed u c t the tax . A lso , sm all firm s, w h ich  do n o t ex c ee d  a ce rta in  lim it 
o f  tu rn o v er, can  b en e fit from  V A T  ex em p tio n , reg a rd le ss  o f  p ro d u c t o r  se rv ice  
they  o ffer. S eco n d ly , the general ru le  is that V A T  can  be d ed u c te d  on ly  fo r those  
p ro d u c ts  and se rv ic es  w h ich  are  stric tly  co n n ec ted  w ith  the  o u tp u t o f  
a g iven  sector. S ince  such  c la ss ifica tio n  o f  in te rm ed ia te  g o o d s  is o ften  d ifficu lt, 
e sp ec ia lly  fo r u n in co rp o ra ted  fam ily  firm s, specia l ru les a re  u su a lly  ap p lied , for 
ex a m p le  the ru les lim itin g  d ed u c tio n  o f  V A T  paid  on p a rtic u la r  g o o d s  (e.g . fu ­
e ls). F inally , for sm all b u s in ess  the re  u su a lly  ex ist s im p lified  and  s tan d ard ized  
m e th o d s  o f  tax se ttlem en t. In such  cases the d ed u c tib le  V A T  is e s tab lish ed  b as­
ing on  so m e fixed  eco n o m ic  param ete rs  ra the r than  the actual v a lu e  o f  in te rm e­
d ia te  g o o d s and se rv ices  used  in p ro d u ctio n  (e.g. fo r fa rm ers). In all o f  those



eases, n o n -d ed u c tib le  V A T  takes part in th e  fo rm ation  o f  bas ic  p rice s  and , as 
w ell as o th e r  ind irec t taxes, sh o u ld  be p resen t in the  ex ten d e d  p rice  equ a tio n .

A p art from  tax e lem en ts , th e  ex tended  m odel m ust a lso  ta k e  in to  acco u n t the 
ex is ten ce  o f  im p o rts  in in te rm ed ia te  use o f  p ro d u c ts  and  se rv ices . O b v io u sly , 
ch a n g es  in co s ts  o f  d o m estic  p roduction  shou ld  not a ffec t im p o rt p r ice s  in the 
m odel (u n le ss  ex c h an g e  ra tes are co n sid ered ), o th e rw ise  p rice  e ffec ts  o f  the  cost- 
push in fla tio n ary  sp ira l co u ld  b e  ov erestim a ted  in s im u la tio n s . T h e re fo re , in the 
p ro p o sed  m ode l, use  o f  im p o rted  p ro d u c ts  and se rv ic es  is d is tin g u ish e d  from  
that o f  d o m e stic  ones.

T h e  ab o v e  rem ark s lead to  fo rm u la ting  the in p u t-o u tp u t p rice  m odel ex ­
tended  w ith  ind irec t taxes and m arg in s. A ssu m e that an e c o n o m y ’s o u tp u t can  be 

d iv id ed  into n g ro u p s  o f  h o m o g e n eo u s  p ro d u c ts  and  se rv ices . D en o te  by  хч 

(/', /  = I . ..., n ) the v a lue  o f  o u tla y s  on in te rm ed ia te  p ro d u c ts  and  se rv ic es  o f  type  

i used  in p ro d u c tio n  o f  g o o d s  o f  type  j  (x,, are, thus, e lem e n ts  o f  the  first p art o f  

a p ro d u c t- to -p ro d u c t input o u tp u t table). D eno te  fu rth e r by X ,  { j  =  1 ,..., « )  the

g lobal p ro d u c tio n  o f  g o o d s  o r  se rv ic es  o f  ty p e  j .  G lobal o u tp u t o f  a g iv e n  ty p e  is 
equal to  m ateria l co s ts  au g m en ted  by  costs o f  p rim ary  p ro d u c tio n  fac to rs  (v a lu e  
ad d ed ), i.e.:

x j = Ź xJ + v j (>)
(=i

w here: VJ s tan d s  for value  added  asso c ia ted  w ith  g o o d s and  se rv ic es  o f  type  j .

A cc o rd in g  to  the  S N A  ru les  o f  ev a lu a tin g  tran sac tio n s, as w ell as so m e s im ­
p lify in g  a s su m p tio n s  c o n c e rn in g  taxes and m arg ins, g lobal o u tp u t and  in te rm e­
d ia te  use  a re  g iv en  as fo llow s:

X r Q j P T  (2)

and:

+</,))(!+*,,0 P)

w here: Q] s tan d s  fo r g lobal o u tp u t in quan tity  term s,, qjjCl) and  q\'j") rep resen t 

q u an titie s  o f  g o o d s o f  type  / u sed  as  in te rm ed ia te  inpu ts  in p ro d u c tio n  o f  b ranch  

j ,  d o m estic  and  im ported , resp ec tiv e ly , p (‘l] -  basic  p rices  o f  d o m e stic  goods,

p\"n -  b as ic  p rices  o f  im ported  goods. S ym bol s,(rf) s tan d s fo r av e rag e  ra te  o f



all ind irec t tax es  ex cep t V A T  (n e t -  tax m inus su b sid y  ra les) paid  on d o m estic  

g oo d s o f  type  / (i.e . ex c ise  tax and specia l taxes on se lec ted  se rv ices ), s]m) -  
av e rag e  ra te  o f  all in d irec t taxes ex cep t V A T  (net) paid  on im ported  g o o d s  o f  
type  / (i.e. d u tie s  and  o th e r  im port ch a rg es  as w ell as ex c ise  tax , m in u s  su b s i­

d ies), dj = b, + с, , w here  b, is an av e rag e  ra te  o f  trad e  m arg in , c, -  av e rag e  

rate  o f  tran sp o rt m arg in . S ym bol t, s tan d s for av e rag e  nom inal V A T  ra te  fo r 

p ro d u c ts  o r  se rv ices  o f  type i (th e  sam e for d o m estic  and im p o rted  g o o d s), /?,,

a co e ffic ien t sh o w in g  w hat p art o f  an ind iv idual in te rm ed ia te  p u rc h a se  (in te rm s 
o f  value  in c lu d in g  all ind irec t taxes excep t V A T ) is su b jec t to  n o n -d ed u c tib le  

V A T. In o th e r  w ords, h^t, sh o w  rates w hich  can  be nam ed  as “e ffe c tiv e "  V A T

rates fo r ind iv id u al inpu ts  o f  in te rm ed ia te  p ro d u c ts  and serv ices .
A s can  b e  seen  from  eq u a tio n  (3), all ind irec t taxes a re  assu m ed  to  b e  ad 

valorem tax es  w ith  fixed rates. S im ila rly , trade and  tran sp o rt m a rg in s  a re  c o n ­
sidered  fixed  in p ro p o rtio n  to  v a lue  o f  p ro d u cts  and  se rv ices  (in basic  p rices) 
b e lo n g in g  to  a g iven  g roup . S uch trea tm en t o f  taxes is p e rh a p s  no t fu lly  a d e ­
quate , as it d o es  not rep resen t the ac tu a lly  ex is ten t n o n -lin e a ritie s  in ca lcu la tio n  
o f  taxes. T h is  res tric tio n  can  be, though , ju s tif ie d  by the  fact tha t m o s t o f  the 
co n s id ered  in d irec t tax es  a re  ad valorem taxes. R ates a re  nam ed  “ av e ra g e ” , s ince  
ind iv idual g ro u p s o f  p ro d u c ts  o r  se rv ices in m any  cases a re  not h o m o g e n eo u s  
and , thus, w ith in  a g iven  g ro u p  there m ay co ex ist p ro d u c ts  o r  se rv ices  taxed  at 
d iffe ren t nom inal rates. A ctu a lly , the s im p lify in g  a ssu m p tio n s  -  ex p lic it in the 
fo rm u la tio n  o f  the m odel -  a re  stric tly  connected  w ith  the  s tru c tu re  o f  the  u su ­
ally  av a ilab le  in p u t-o u tp u t data.

R eg ard in g  (2 ) and  (3), cost eq u a tio n  (1) can  be w ritten  as:

i=i

D iv id in g  by Q ,  y ie lds:

~(<0 - I
M

Ml)
+ ‘0 + ^ - i r ( i + r - ч )  ( i + v . ) + 7 r  (5)

У.! J У /

D enoting :



and:

(7)

~  VJ

Vi = q J

eq u a tio n  (5) can  be then  w ritten  as:

p T  -  + r f , ) 0 + л , л ) + ? ! " ’Й ' " ( ' +*■" + < 0 & + v - Ж  P )
/»I

w here: « (yrf) and  я,-'"1 a re  techn ica l co e ffic ie n ts  sh o w in g  -  in p h y sica l te rm s -

the am o u n t o f  p ro d u c ts  o r se rv ic es  o f  type  / -  d o m estic  and  im p o rte d , resp e c­
tiv e ly  -  n ec essa ry  to  su p p ly  a un it o f  p ro d u cts  o r  se rv ices  o f  ty p e  j .  F in a lly , i f  

“ ° ” s tan d s fo r e le m e n t-b y -e lem en t m u ltip lica tio n , eq u a tio n  (9) can  be w ritten  in 
the  m atrix  form :

P,/ =  f o  °(J + H' T  )Xl +  s„ +  D ) p (/ + (a;„ ° ( j  +  H ' T  )Xi + s w + D ) p m + v  ( 10)

w hich  a fte r  so lv in g  y ie ld s:

p,/ =  (i -  ( к  ° ( j  +  H' T ) X i+ s „  + d )Y  ■ ((a;„ ° ( j  +  H' t ) X i + s„, +  d)p„, +  v ) o  1)

w here: p ,7 =  [p,(</)], p„, = [д (,,,)], Ä ,, =  A w = [ ^ m)], H  =  [/г,у ] , S  d is a

d iagonal m a trix  o f  e lem e n ts  , S„, -  d iagonal m atrix  o f  e lem e n ts  sjm) , T  -  

d iagonal m atrix  o f  e lem e n ts  t, , D -  d iagonal m atrix  o f  e le m e n ts  d, , I is a u n i­

tary m atrix , J  -  m atrix  w ith  all e lem en ts  equal 1 (/, j  = 1...« ) .

It is o b v io u s, h o w ev er, that in p u t-o u tp u t tab les  in physica l te rm s are  p rac ti­
ca lly  u n av a ilab le  and , thus, techn ica l co e ffic ien ts  can  no t b e  o b ta in ed . Instead , 
v a lu e-b ased  co e ffic ie n ts  can  be u sed  in p rice  eq u a tio n , w h ich  is in fact eq u iv a ­
lent to  assu m in g  that in itia lly  all p rices  equal 1. U n d er such  a ssu m p tio n , so lv in g  

p rice  fo rm u la  leads to  o b ta in in g  p rice  ind ices /?, ra th e r than  lev e ls  p ,  (see  R. 

E. M ille r and  P. D. B lair (1985 )). D efine:



and:

w here:

and:

_(»<)
(13 )

V,
1  (l4)

У ' - чГ рГ  (15 )

w here  z]'1' and z)"') rep rese n t in te rm ed ia te  co n su m p tio n  e v a lu a ted  in basic  

p rices (w h ich  can  be co n s id ered  o b se rv ab le  at a ce rta in  s tag e  o f  em p irica l an a ly ­

sis -  fo r d e ta ils  see  the nex t sec tio n ), a]jl] and ajj"' rep resen t v a lu e -b ase d  input- 

o u tp u t co e ffic ien ts , v ; -  value  added  per un it o f  o u tp u t ev a lu a ted  in basic

prices. T h e  final, ap p lica b le  version  o f  the ex tended  p rice  m odel can  be, thus, 
w ritten  as:

p ,  = (I -  (A ' ° ( J  + H T)X l +  S rf +  D ))-‘((A m ° ( J  +  H ' T ) ) ( l  + S (/ +  D )p w + v ) (17)

w here: p ,  =  [/>ť(rf)], p„, =  [/J,,'")], A (, =  [a £ ° ] , A HI =  [я,уИ)], v =  [v( ] 

( / , /  = 1 ,..., n). V ec to rs  p (/ and p„, con ta in  p rice  ind ices fo r d o m e stic  and  im ­

ported  g o o d s, resp ec tiv e ly .
M odel rep resen ted  by eq u a tio n  (17) p ro v id es a w ide  ran g e  o f  p o ss ib le  a p p li­

ca tions. A p art from  an a ly ses  o f  p rice  reaction  to ch an g es in un ita ry  v a lu e  added , 
it enab les  ex a m in in g  th e  e ffec ts  o f  ch an g es in tax ra tes ( S (/, S,„ and T ), as w ell 

as  e ffec ts  o f  f lu c tu a tio n s o f  im p o rt p rice s  ( p,„) and ch a n g es  o f  trad e  an d  tran s­

port m arg in  ra tes ( В , С ). H ow ever, a p rob lem  arises  o f  how  to o b ta in  the re ­

qu ired  p a ra m e te rs  o f  m odel (17) u sing  the ava ilab le  in p u t-o u tp u t data. T h e  next 
section  is d ed ica ted  to  a so lu tio n  o f  th is  p rob lem , w h ich  in v o lv es  p ro ce d ú re  o f  
in p u t-o u tp u t tab le  d eco m p o sitio n .



III. D E C O M P O S I T I O N  O F  T H E  I N P U T - O U T P U T  T A B L E

T h e  m a jo r p ro b lem  in p rac tica l app lica tio n  o f  the m odel g iv e n  by  equa tion
(17) is tha t the n ec essa ry  p a ra m e te r  m a trice s  ( A f/, A w. S (/, S,„, D. T. II ) a re  not 

im m ed ia te ly  d e riv ed  from  in p u t-o u tp u t tab les. G en e ra lly , c a lc u la tio n  o f  these  
p a ram ete rs  req u ire s  in fo rm atio n  on  tax c o m p o n en ts  in in d iv id u a l tran sa c tio n s  o f  
final and in te rm ed ia te  use. S uch  d e ta iled  d a ta  a re  u su a lly  u n av a ilab le . T h ere fo re , 
in the P o lish  case , as p e rh a p s  fo r m ost E u ro p ean  c o u n trie s , ap p lica tio n  o f  the 
p ro p o sed  p rice  m odel re lies  on  d ec o m p o sitio n  o f  in p u t-o u tp u t tab le , based  on 
in co m p le te  d a ta  an d  s im p lify in g  assu m p tio n s .

T h e  issue o f  the g rea test co n cern  is to d e te rm in e  /;r/- co e ffic ie n ts , sh o w in g  
co n ten ts  o f  n o n -d ed u c tib le  V A T  in ind iv idual in te rm ed ia te  c o n su m p tio n  tran sa c ­
tions. S o lu tio n  o f  th is  p ro b lem s is fairly  am b ig u o u s  and , c o n seq u e n tly , any  sp e ­
cific  a ssu m p tio n s  a re  no t em b o d ied  in the fo rm u la tio n  o f  m o d e l (17). T h u s , the 
m odel in that fo rm  is in d ep en d en t o f  the  ac tu a lly  chosen  d ec o m p o s itio n  m ethod . 
It m ust be em p h asised  that the m eth o d  o f  d eco m p o sitio n  in tro d u ced  be low  is not 
the on ly  p o ss ib le  one. It shou ld  ra th e r be co n sid ered  as p re se n ta tio n  o f  a certa in  
g en e ra l a p p ro a ch , w h ich  can  be a su b jec t o f  fu rth e r  d iscu ss io n  and  d ev e lo p m en t.

D eco m p o sitio n  p ro ce d u re  s tric tly  re lies on  the  s tru c tu re  o f  the  in p u t-o u tp u t 
tab le , w h ich  -  fo r  the P o lish  case  -  is p resen ted  in tab le  I (a ll c a lc u la tio n s  p re ­
sen ted  in th is p ap e r a re  based  upon  the p ro d u c t- to -p ro d u c t in p u t-o u tp u t tab le  for 
the y e a r  2000  w as e lab o ra ted  by the au th o r b as in g  on su p p ly  and  use tab les , 
p ro v id ed  by  th e  C en tra l S ta tis tica l O ffice , u n p ub lished ). F or co n v e n ie n c e  o f  the 
an a ly sis , w h ich  is an y w ay  focused  on the tax e ffec t on  p rice s , the  v a lu e  ad d ed  is 
ag g re g a te d  in to  o n e  row , i.e. its co m p o n en ts  a re  not d is tin g u ish e d  in the p re ­
sen ted  T ab le  1.

In th e  in p u t-o u tp u t tab le  2000 , “ tran sp o rt, s to rag e  and  c o m m u n ic a tio n ” se r­
v ices ac co u n t w as  d iv id e d  in to  tw o parts  -  on e  co n c e rn in g  tran sp o rt se rv ices  
co n n ec ted  w ith  trad e  m arg in s (n am e it " tra n sp o rt-a s -m arg in ” ), the o th e r  -  in ­
c lu d in g  tran sp o rt se rv ices  trea ted  as in te rm ed ia te  use  o f  o th e r  sec to rs , a s  w ell as 
s to rag e  and  c o m m u n ic a tio n  serv ices . A s a resu lt, g lobal o u tp u t o f  the “ tran sp o rt-  
a s -m a rg in ” se rv ic es  eq u a ls  to tal o f  the tran sp o rt m arg in s paid  o n  all p ro d u c ts  in 
the eco n o m y . S im ila rly , “ trade and  rep a ir” w ere  d iv id e d  in to  “ tra d e ” and  “ re­
pa ir” , h o w ev e r in the case  o f  trade, its o u tp u t eq u a ls  the  to ta l o f  trad e  m arg in s 
ac ro ss  all tran sa c tio n s  by defin itio n . S uch sep ara tio n  o f  trad e  and  tran sp o rt is 
n ec essa ry  fo r the  m odel as w ell as the d eco m p o sitio n  p ro c e d u re  to  w ork  p ro p ­
erly . It is w o rth  n o tic in g  tha t s ince  m arg in s are reco rded  in e x p e n d itu re s  on o th e r 
p ro d u cts  and se rv ices , to tal supp ly  o f  trade and “ tra n sp o r t-a s -m a rg in ” , equa ls 
zero , as do  all v a lu es  in th e  co rre sp o n d in g  row s o f  the in p u t-o u tp u t table.



T a b l e  1

Structure o f the input-output table’2000 for Poland

[1] [2] [3] Row totals

[1] tty  «*/1 W I нх/ f ô ]  «Xi f o b

[2] VL / J /»»x« - - -

Subtotals ([1],  [2]) k , ] i * „ - -

[3] M  j . i x" - - -

[4] H
L > J | x n

- - -

[5] о (m)
j  J lx« - - -

[6] T
V j \ \ - - -

[7] к ] , хя - - -

[8] . j  J 1 ХЛ - - -

C o lu m n  totals - - -

w here: y ik rep resen t final dem an d , /  being  the n u m b er o f  the d is tin g u ish e d  final 

d em an d  ca te g o rie s  (n o t c o u n tin g  ex p o rts , w h ich  is trea ted  se p a ra te ly ) , G, -  

g lo b a l su p p ly  o f  p ro d u c ts  o r  se rv ices  o f  type  /, E, -  ex p o rts  o f  p ro d u c ts  o r  se r­

v ices o f  type  /, M  j -  im ports  o f  p ro d u cts  o r  se rv ices  o f  ty p e  j ,  S ' f  -  total 

am o u n t o f  in d irec t taxes, o th e r  than  V A T , paid  on d o m estic  p ro d u c ts  o r  se rv ices  

o f  type  j ,  S 1"1' -  to tal am o u n t o f  ind irec t taxes, o th e r  than  V A T , paid  on im ­

ported  p ro d u c ts  o r  se rv ic es  o f  ty p e  j ,  Г, -  total am o u n t o f  n o n -d ed u c tib le  V A T  

paid  on bo th  d o m estic  and  im ported  p ro d u cts  and se rv ices  o f  ty p e  /', В , -  total 

am o u n t o f  trad e  m arg in  paid  on p ro d u cts  and se rv ices  o f  ty p e  /', C ,  -  total 

am o u n t o f  tran sp o rt m arg in  paid  on p ro d u cts  and se rv ices  o f  ty p e  j .



3.1 . E x tra c t in g  V A T  from  the in p u t-o u tp u t  tab le

A t the first s tage , V A T  is ex trac ted  from  in p u t-o u tp u t tab le . A t the  sam e 
tim e, V A T  ra te s  /, and  co e ffic ie n ts  hy -  sh o w in g  co n ten ts  o f  n o n -d ed u c tib le

V A T  in in te rm ed ia te  flow s -  are d e term in ed . T h e  p ro ce d u re  is based  on  the  fo l­
low ing  re la tion  (see  a lso  J. C. C o llad o  &  F. S ancho  (2 0 0 2 ) for m e th o d  o f  rec o v ­
e ring  h id d en  tax ra te s  in in p u t-o u tp u t tab les in w hich  all tran sa c tio n s  co n ta in  full 
am o u n t o f  d ed u c tib le  tax):

In (18) w e h av e  n eq u a tio n s  w ith  >i(« + l ) v a riab les  (r, and hy ). T h u s , to  o b ­

tain those  p a ra m e te rs , a priori k n o w led g e  an d /o r s im p lify in g  a s su m p tio n s  m ust 
be app lied . F or ex am p le , co n s id e r  the secto rs w h o se  p ro d u c ts  and  se rv ic es  a re  
fu lly  ex e m p te d  from  V A T . In the case  o f  P o land  th ese  are: f ish e ry , financial 
se rv ices , p u b lic  a d m in is tra tio n  and d efence , ed u ca tio n , hea lth  ca re  and  soc ia l 
secu rity  se rv ices . A s they  do not have righ t to  V A T  d ed u c tio n , it is d e fin ite  that 
all in te rm ed ia te  in p u ts  in these  sec to rs  inc lude  full am o u n ts  o f  V A T. T h u s, co e f­
fic ien ts in the co rre sp o n d in g  c o lu m n s o f  the H m atrix  a re  all equa l 1.

E quation  (18) assu m es that all final pu rch ases a re  in c lu s iv e  o f  full V A T  
am oun t. H ow ever, th is need not b e  tru e  fo r investm en t. S im p lify in g , it can  be 
assu m ed  tha t en te rp rise s  fu lly  ex em p ted  from  V A T  pay  the  tax  on  investm en t 
g oods, o th e r  do  no t (it is d educ ted ). A m ong  in s titu tio n a l se c to rs  o f  the  P olish  
eco n o m y , the  n o n -p ro fit in stitu tio n s, g o v ern m en t and fin an c ia l en te rp rise s  can  
be trea ted  as the p e rfo rm ers  o f  m ost ac tiv itie s  ex em p ted  from  V A T . C o n se ­
q u en tly , it w as a ssu m ed  tha t in v estm en t o u tlay s o f  the m en tio n e d  institu tiona l 
sec to rs  inc lude  full V A T  am o u n ts , w h ile  non -financia l en te rp rise s  and  h o u se­
h o ld s (h o u seh o ld  firm s) d ed u c t the w ho le  tax. T h e  on ly  ex c ep tio n  is tha t for 
p riva te  e x p e n d itu re s  on  bu ild in g s, w h ich  are also  reco rd ed  as h o u se h o ld  in v e s t­
m en t, but V A T  can n o t be deduc ted . T h u s, for c la rity  o f  th e  so lu tio n  p resen ted  
be low , in v e s tm e n t in b u ild in g s w ere  m oved  to  ho u seh o ld  co n su m p tio n .

F o llo w in g  the ab o v e  rem ark s , eq u a tio n  (18) shou ld  be su b stitu te d  w ith :

(18)

(19)

w here: Í2, =  { /,1 ' , / V >....,y'i)l) } is a class o f  su b se q u en t n u m b e rs  o f  g ro u p s  o f  

c o m m o d itie s  w h ich  are  n o t ex em p ted  from  V A T , со b e in g  the  to ta l n u m b e r o f



such  p ro d u c ts  and  se rv ices , £?2 =  {/i<2>. ^ 2>.....Уя- L /  ~  a d a s s  o f  su b se q u en t

n u m b ers  o f  g ro u p s  o f  co m m o d ities  w hich  are fu lly  ex e m p te d  from  V A T, 
Г =  \kl ,k2.....ky\ -  a c lass  o f  su b se q u en t n u m b ers  o f  final ex p e n d itu re  c a te g o rie s

fu lly  in c lu siv e  o f  V A T , у b e in g  the  total n u m b er o f  su ch  ca te g o rie s . S till, h o w ­

e v e r  it is im p o ss ib le  to  so lv e  (19) for t, and hy w ith o u t fu rth e r  s im p lifica tio n .

In o rd e r  to  illu stra te  the ap p ro ach  better, assu m e for a w h ile  that V A T  is p re ­
sen t on ly  in final dem and  (ex c ep t in v estm en t o f  h o u se h o ld s  and no n -fin an cia l 
en te rp rises) and in in te rm ed ia te  ex p e n d itu res  o f  b ran ch es fu lly  ex e m p te d  from  
V A T. In te rm s o f  hy co e ffic ie n ts  it m eans that hy =  0 fo r j  e  . T h u s , w e get:

71 = Z  Т+Г*''+ ̂ т + г л  (20)yeO ,A +  */ * e r 1 + »r

S o lv in g  (20 ) fo r /, y ie lds:

t, = T,
\ -i

+ Z ^  ~ T>
у jeSh

(21 )

R esu lts  o f  th is e x p e rim en t fo r the in p u t-o u tp u t ta b le ’2 0 0 0  are  p resen ted  in 
T ab le  2.

T h e  firs t co lu m n  co n ta in s  ra tes ca lcu la ted  acco rd in g  to  eq u a tio n  (21). M any 
o f  th o se  ra tes  p ro v e  to  be h ig h e r  than  the h ighest nom ina l V A T  ra te  ac tu a lly  
used in P o land  (22% ). T h e  on ly  ex p lana tion  o f  such  resu lts  (ap a rt from  in accu ­
racy  o f  d a ta) is that the d en o m in a to r  in fo rm ula  (21) is to  sm all for ce rta in  types 
o f  g o o d s  and , co n seq u e n tly , it shou ld  be augm en ted  by a p art o f  th o se  in te rm ed i­
a te  costs , w h ich  w ere  assu m ed  V A T -free . T h u s, it g iv es  an in d irec t ev id en c e  for 
w hat is no t e x p lic it in the in pu t-ou tpu t tab le, tha t is fo r the  ex is te n ce  o f  n o n ­
d ed u c tib le  no t on ly  in co s ts  o f  the  sec to rs  fu lly  exem pted .



VAT rates (in %) and /?, coefficients

/ Products and services
Results of 

(21)
Reference

rates
Destination

rates hi

1 Agriculture and forestry 0.8 3.0 0.8 0.000
2 Fishery 0.0 0.0 0.0 0.000
3 Mining 27.2 7.1 7.1 0.226
4 Food 6.6 6.0 6.0 0.216
5 Tobacco 10.8 22.0 10.8 0.000
6 Fabrics 18.8 22.0 18.8 0.000
7 Textile 16.8 22.0 16.8 0.000
8 Leather 11.6 22.0 11.6 0.000
9 Wood 16.0 17.7 16.0 0.000
10 Paper 39.6 22.0 22.0 0.093
11 Publishing and printing 8.5 5.1 5.1 0.793
12 Petrol 36.4 21.1 21.1 0.137
13 Chemicals 8.9 19.4 8.9 0.000
14 Rubber and plastic 58.1 22.0 22.0 0.093
15 Other non-metallic 15.3 12.7 12.7 0.031
16 Metal 4 783.5 21.2 21.2 0.090
17 Metal products 38.3 15.5 15.5 0.117
18 Machines 16.1 19.6 16.1 0.000
19 Office machines and computers 22.4 22.0 22.0 0.021
20 Electric machines 72.4 22.0 22.0 0.170
21 Radio and TV devices 16.9 22.0 16.9 0.000
22 Medical and optical devices 11.4 17.3 11.4 0.000
23 Motor vehicles 19.7 22.0 19.7 0.000
24 Other transport equipment 9.7 7.8 7.8 0.159
25 Furniture and other goods 7.0 22.0 7.0 0.000
26 Recycling -105.6 22.0 22.0 0.007
27 Electricity, gas, water 3.0 7.0 3.0 0.000
28 Construction 6.8 7.0 6.8 0.000
29 Hotels and restaurants 11.5 22.0 11.5 0.000
30 Financial services 0.1 0.1 0.1 0.000
31 Business and real estate services 11.6 22.0 11.6 0.000
32 Public administration and defence 0.0 0.0 0.0 0.000
33 Education 0.0 0.0 0.0 0.000
34 Health care and social security 0.0 0.0 0.0 0.000
35 Other services 3.1 22.0 3.1 0.000
36 Repair 14.5 22.0 14.5 0.000
37 Transport, storage, communication 10.6 22.0 10.6 0.000
38 Trade 0.0 0.0 0.0 0.000
39 T ransport-as-margin 0.0 0.0 0.0 0.000

S o u r c e :  Own calculations.



T h e  ab o v e  o b se rv a tio n  is the b asis  for the fu rth e r p ro ced u re . T h e  idea 
am o u n ts  to  se a rch in g  for such  /;); va lues (fo r j  e f í ,  ) w h ich  w o u ld  b rin g  dow n

the  resu ltin g  ti ra te s  a t least to the level o f  2 2% , (th e  h ig h e s t n o m in a l ra te ) thus 

a llo w in g  to find V A T  am o u n ts  w h ich  are d e fin ite ly  p resen t in in te rm ed ia te  
flow s. In fact, in stead  o f  u sing  the te rm inal level o f  22% , on e  can  ca lc u la te  “ re f­
eren ce  ra te s" , b as in g  on valid  tax regu la tions, w hich  assign  n o m in a l V A T  rates 
to  d iffe ren t k inds o f  p ro d u c ts  and  serv ices . T h is  sort o f  c a lc u la tio n  is fairly  a p ­
p rox im ate . I f  w ith in  a g ro u p  o f  p ro d u cts  there are g o o d s  ch a rg ed  at d iffe ren t 
V A T  rates, they  sh o u ld  be w eig h ted  by shares in g lobal su p p ly  o f  th o se  goods. 
H ow ever, re feren ce  ra tes  sh o u ld  p e rh ap s be trea ted  as u p p e r b o u n d s  fo r actual 
e ffec tiv e  ra tes ra th e r  than  as actual e ffec tiv e  rates th em se lv es. T h is  res tric tio n  
resu lts  from  the fact tha t a g iv e n  good  can  be u sua lly  su p p lied  by e ith e r  a V A T -  
pay ing  p ro d u ce r o r  by  a V A T -ex em p ted  one. In such  a case , the  e ffec tiv e  V A T  
rate  b eco m es lo w er than  the  nom inal (re fe ren ce) one.

A cco rd in g  to the p roposed  ap p ro ach , the so ca lled  “d es tin a tio n  ra te s” a re  d e­
te rm ined . D estin a tio n  ra tes are set to the re fe ren ce  ra tes  fo r th o se  p ro d u c ts  and 
serv ices , for w hich  ra tes resu ltin g  from  equa tion  (21) p ro v e  h ig h e r  than  the re f­
eren ce  ones. F or the  rem a in in g  co m m o d ities , d es tin a tio n  rates a re  se t at th e  level 
de te rm in ed  by  a p p ly in g  fo rm u la  (21). D estination  ra tes ac tu a lly  c o m p o se  the T  
m atrix  (see  m odel (17)).

G iven  V A T  d es tin a tio n  ra tes, it is p o ss ib le  to ca lc u la te  hy co e ffic ie n ts , p ro ­
vided  that the n u m b er o f  u n know n  v ariab les  is reduced  to n. T h is  can  be o b ­
ta ined  by assu m in g  tha t th o se  co e ffic ien ts  are un ifo rm  acro ss  ro w s  o f  the  input- 
o u tpu t tab le . It m ean s that in all b ran ch es w hich  are  not fu lly  ex em p ted  from  
V A T , the sam e frac tion  o f  v a lue  o f  a p a rticu la r m ateria l is ch a rg ed  w ith  the n o n ­
d ed u c tib le  tax. R eg ard in g  th is assu m p tio n , eq u a tio n  (19) can  b e  rew ritten  as:

Т , -  I
yeO, 1 + /Л

■Xtl + У  J i - X + y J í
^  l + ,  4yefl,

Ун (22)

T h at s im p lif ica tio n  en ab le s  so lv in g  (22) fo r each  h, sep ara te ly . T h e  so lu tion  
y ie lds:

h, = T + tI */
Ч V

\ \

Ti -  1 л  “  Z *
jeSJj keľ

f I f
+ ‘r-) Y . x4 ~ T< + *2 Z  y » + Z  -v-

V'e°l

\ \

кеГ jeQ-,

-I

J  J  

(23)



w here: /, a re  V A T  d es tin a tio n  rates, as show n  in tab le  2. C o e ffic ien ts  /?, a re  set 

to  zero  w h en e v e r d iv is io n  by zero  arises in (23).
F inally  e lem e n ts  o f  T  and  H can  b e  se t as:

- . . . (2 4 >
for i = j
for i *  j

fo r / е Ц

for J e ü 2Л / / Ч  ' (25)
[ 1 for j  £  Qj

It can  be seen  from  tab le  2 th a t the h ighest co n ten ts  o f  non d ed u c tib le  V A T  
are  found  in in te rm ed ia te  p u rch a ses  o f  food, lea ther, p ro d u c ts  o f  p u b lish in g , 
fuels and fabrics.

T h e  last s tep  in w h ich  V A T  is invo lved  is p u rify in g  in p u t-o u tp u t tab le  o f  th is  
tax , in o rd e r  to  en ab le  ca lcu la tio n  o f  the rem a in in g  p aram ete rs . D en o tin g  by w:i

in te rm ed ia te  flow s p u rified  o f  V A T  and by  f jk -  final d em an d  p u rified  o f  V A T , 

one can  fo rm u la te  the  fo llo w in g  p u rifica tio n  rules:

"*-77^ '  (26)

—■—У it • f ° r к е Г  
1 +  / /  (2 7 >
Уik> for k * r

It m ust be em p h asised  that the p roposed  m ethod  o f  d e te rm in in g  T and H p a­
ram e ter m a trice s  is based  on ra th e r s tro n g  assu m p tio n s , w h ich  can  lead to  som e 
u n d es irab le  e ffec ts  in the m odel. F irs tly , u n aq u a in tan ce  w ith  the  ac tua l e ffec tiv e  
rates and  u sin g  re fe ren ce  ra tes in stead , can  lead to  u n d e re s tim a tin g  co n ten ts  o f  
n o n -d ed u c tib le  V A T  in in te rm ed ia te  flow s. T h u s, p rice  re sp o n se s  to  V A T  rate 
c h a n g es  in the m odel can  be in te rp re ted  as the m in im al o f  w h ich  o n e  can  be 
ce rta in , i.e. ac tu a l resp o n se s  a re  like ly  to  be g rea ter. T h e  o n ly  reason  fo r such  
lim ita tion  in the fu n c tio n a lity  o f  the m odel is the lack o f  d a ta  on n o n -d ed u c tib le  
V A T. S eco n d ly , a  re se a rch e r m ust still deal w ith  the  no tion  o f  e ffec tiv e  ra th e r  
than p u re  nom inal ra tes w h ich  o ften  causes d ifficu ltie s  in a d e q u a te  fo rm u la tion  
o f  s im u la tio n  scen a rio s . T h ird ly , th e  ru les in the m odel a re  ra th e r  co m p atib le  
w ith  ru les lim itin g  d ed u c tio n  o f  V A T  on p articu la r  g o o d s, w h ile  p e rh a p s  in the 
P olish  c o n d itio n s  a g rea te r ro le  sh o u ld  be a ttr ib u ted  to  V A T  ex e m p tio n  fo r sm all 
en te rp rises . M o d e llin g  o f  th e  la tte r case , how ever, co m p lic a te s  th e  p ro ce d u re  o f  
d e te rm in in g  n o n -d ed u c tib le  V A T  in in p u t-o u tp u t tab le. A s a resu lt, the  p ro p o sed



m eth o d  leaves a su b stan tia l m arg in  for fu rth e r co n s id era tio n  and , p o ssib ly , im ­
p rovem en t.

3.2. P u r ify in g  the in p u t-ou tp u t  table o f  indirect  taxes o th e r  than  V A T

N ext s tag es  o f  the  d ec o m p o sitio n  p ro ced u re  are  p e rh a p s  m o re  tran sp a ren t 
than the p rev io u s  one. T o d e te rm in e  d iagonal e lem e n ts  o f  S f/, S m, li and С  

m atrices, the fo llo w in g  fo rm u las  are  used:

S?>

X;
s f  =  ~ r r  (28)

С (w )

M,

'■ •  Л' " u  (30 )

(3,)

T h e resu ltin g  ra tes are p resen ted  in T ab le  3. N eg a tiv e  v a lu es  o f  tax ra tes 
m ean that su b sid ies  ex ceed  taxes.

D is tin g u ish in g  betw een  d o m estic  and  im ported  p ro d u c tio n  re lies  on the  a s ­
su m p tio n  that the re  is a f ixed  sh a re  o f  im ports  for p a rticu la r  c o m m o d ity , id e n ti­
cal in all ind iv idual p u rch ases o f  that co m m o d ity , i.e.:

4 Ш) =  V’zi  (32)

w here: z y rep rese n t in te rm ed ia te  flow s eva lua ted  at basic  p rices  (see  (15) and 

(16)):

7  =  J 1' )  4 - 
<j ij +  г Г '  (33)

C o e ffic ien ts  /<, can  be ca lcu la ted  acco rd in g  to  the fo llo w in g  rule:



T a b i c  3

Rates o f indirect taxes excluding VAT (in %), margin rates

/' Products and services i ^ ’-lOO _U
s о о O О

ооо

1 Agriculture and forestry -0.1 8.1 11.8 l.l
2 Fishery -0.8 0.6 41.8 10.6
3 Mining 0.0 0.1 5.5 9.8
4 Food 4.8 21.1 27.7 0.2
5 Tobacco 118.4 230.5 92.6 0.0
6 Fabrics 0.0 2.6 18.7 l.l
7 Textile 0.0 9.0 44.7 1.6
8 Leather 0.0 7.0 48.6 1.7
9 Wood 0.0 2.4 12.5 1.4
10 Paper 0.0 0.9 13.1 2.1
11 Publishing and printing -0.1 0.9 19.1 0.8
12 Petrol 30.0 120.5 56.0 3.5
13 Chemicals -0.1 1.6 26.8 0.6
14 Rubber and plastic 0.1 1.9 15.6 3.9
15 Other non-metallic 0.0 1.5 14.0 7.5
16 Metal 0.0 2.4 5.9 0.5
17 Metal products 0.0 2.7 10.2 3.2
18 Machines 0.0 1.4 8.1 0.5
19 Office machines and computers 0.0 1.1 18.4 2.3
20 Electric machines 0.0 1.4 8.0 0.9
21 Radio and TV devices 0.0 2.2 16.6 1.0
22 Medical and optical devices 0.0 2.5 6.9 2.3
23 Motor vehicles 1.4 8.8 12.3 0.6
24 Other transport equipment 0.0 1.7 7.3 0.5
25 Furniture and other goods 0.0 4.8 13.7 1.8
26 Recycling 0.0 0.0 0.0 1.5
27 Electricity, gas, water 0.0 2.3 0.5 0.0
28 Construction 0.0 0.0 0.0 0.0
29 Hotels and restaurants -0.1 0.0 0.0 0.0
30 Financial services 0.0 0.0 0.0 0.0
31 Business and real estate services -0.5 -0.3 0.0 0.0
32 Public administration and defence 0.0 0.0 0.0 0.0
33 Education 0.0 0.0 0.0 0.0
34 Health care and social security 0.0 0.0 0.0 0.0
35 Other services -1.1 -0.9 0.0 0.0
36 Repair 0.0 0.0 0.0 0.0
37 Transport, storage, communication -0.9 -0.9 0.0 0.0
38 T rade 0.0 0.0 -100.0 0.0
39 Transport-as-margin 0.0 0.0 0.0 -100.0

S o u r c e :  Own calculations.

T h e  ab o v e  a ssu m p tio n  m a k es  it p ossib le  to  p u rify  tran sa c tio n s  o f  bo th  in d i­
rect tax es  on d o m estic  g o o d s and those  on  im ported  ones, as w ell as trad e  and 
tran sp o rt m arg in , at once. T h e  ap p ro p ria te  ru le  is g iven  by:



(35)

H av ing  z  у and  / / , , it is p o ss ib le  to d e te rm in e  e lem e n ts  o f  the  last tw o p a­

ram eter m atrices , A ,/ and  A,„:

F inally , all o f  the acq u ired  p aram ete r m atrices  shou ld  be d im in ish e d  by re ­
m o v in g  row s and  co lu m n s co rre sp o n d in g  w ith  trad e  and “ tra n sp o rt-a s -m a rg in ” . 
O th erw ise  the m odel cou ld  no t be so lved  as all e lem en ts  o f  A (/ an d  A ,H m a tri­

ces in row s co rre sp o n d in g  w ith  trade and “ tran sp o rt-a s -m a rg in ”  equal zero  
(m arg in s a re  p resen t ex p lic itly  in the p rice equ a tio n , so  the so lu tio n  rem ains 
co rrec t). T h e  test for co rrec tn ess  o f  the d eco m p o sitio n  p ro ce d u re  is d o n e  by c a l­
cu la tin g  p rices  ac co rd in g  to fo rm u la  (17), u sing  the ac q u ired  p a ra m e te r  m atrices
-  all o f  the resu ltin g  p rice ind ices shou ld  equal one.

IV. F IN A L  P R IC E S  A N D  A G G R E G A T E  P R IC E  IN D IC E S

A t the  last s tage  o f  the an a ly s is , final p rices, as w ell as a g g re g a te  p rice  in d i­
ces a re  d e term in ed .

Final p rice  for a p a rticu la r  g ro u p  i o f  p ro d u cts  o r  se rv ic es  can  b e  ca lcu la ted
as:

(36)

(37)

(38)

V alues o f  >f'n show  the  re la tio n  o f  the final to the basic  p rice . C h a n g es  o f  

final p rices o f  d o m e stic  g o o d s  are  rep resen ted  by the fo llo w in g  ind ices:



w here: >(1|/) stand  fo r in itial va lues o f  , that is the v a lu es ca lc u la ted  bas in g

on orig ina l p a ram ete rs  o f  the  m odel (no t ch an g ed  d u e  to  sc en a rio  a ssu m p tio n s).
A n a lo g o u s ly , final p rice s  as w ell final p rice ind ices fo r p a rtic u la r  im ported  

co m m o d itie s  can  be ca lcu la ted , i.e.:

=  (l +  / , ) (l +  sf"0 + di )pl'n> (40)

and:

_(m) _  ri П : -----
(»I)

( I I I )
(41)

F or in te rp re ta tio n  p u rp o ses, it is u sua lly  co n v en ien t to  u se  a w e ig h ted  p rice  
index fo r su b se q u en t g ro u p s  o f  p ro d u cts  and se rv ices , in c lu d in g  bo th  d o m estic  
and im p o rted  ones:

(42)

A g g re g a te  p rice  index  for ca teg o ry  к o f  final e x p e n d itu re s  (n o t exem pted  
from  V A T  -  e.g . final co n su m p tio n ) can  be ca lcu la ted  as fo llow s:

" \  f  n V 1

V. /=I У \  i=l /

(43)

w here: к e  Г .
V alues o f  y jk a re  taken  d irec tly  form  the in p u t-o u tp u t tab le  (see  T ab le  1). 

A g g reg a te  p rice  index  o f  g lobal d om estic  o u tp u t is g iv en  by:

km - 1 Л  ■ I х .
\  /=1

\ - i

/  V <=i /

(44)

D efine  also:

« « Л * # ' * * ' ) # '  
1 +  +  •</,.



i  (III) _ ( i+ Ą (,,,)+ ^ k  
i + -i!"'1 + V/

пт

and

0 - / 0 l ( l + . ľ ' + d ] 1p \ ‘ \ +  / ' / 1[i + s ! * > + d j ! p j - »

( 1 - / ' , ) ! [l +  ^ ’ +  Y/Jl+/i,.|(1 +  'S<", ,  +  'd , )

(46)

(47)

w here: , 's)m> an d  'd, a re  in itia l va lues o f  ind irec t tax ra tes (ex c ep t V A T) 

and  m arg in s -  as d e te rm in e d  in the d eco m p o sitio n  p ro ced u re . V alues  o f  can 

be trea ted  as final p r ice  in d ices  for co m m o d itie s  fo r w h ich  full d ed u c tio n  o f  
V A T is a llow ed . T h u s , it leads to  fo rm u la tin g  ag g reg a te  p rice  in d ices  fo r those  
final d em an d  c a te g o rie s  w h ich  are  free o f  V A T  burden  (e.g . e x p o rts  and  in v est­
m en t o f  n o n -fin an c ia l en te rp rise s) , as w ell as to  the m ixed  ag g re g a te d  p rice  in ­
dex fo r a w id er range  o f  final g o o d s, respec tive ly  (e.g. G D P):

(  »

v i=i J Vi*i
4S/ ) =  ■ Ž - 1'« (48)

w here: k e  ( l ,2 ...... /} and:

; M) =
Z  Х а д * + z  z ^ *  • Z  Ż  у * +  Z  Ż  y>k

keÛ  1= I *eU2 i> l J l  ' “ I keU-, i= l

(49)

w here: ( / ,  с Г ,  U 2 a {  1 ,2 ...../} .

A cco rd in g  to  an a ly tica l needs, o th e r  p rice  ind ices can  be defined .

V . S IM U L A T IO N  R E S U L T S

S im ula tion  assu m p tio n s  w ere  insp ired  m ain ly  by the  tw o  facts. F irs tly , it 
w as the d isc u ss io n  am o n g  th e  P o lish  p o litic s  and ec o n o m is ts  on  the p o ssib ility  
of in tro d u c in g  a 5%  im port tax. A s the im port tax co n n o t b e  ac tu a lly  im posed  
afte r the  EU accessio n , the  s im u la tio n  cu rren tly  has a c o u n te rfa c tu a l character. 
S econd ly , it w as the ad ap ta tio n  o f  V A T  rates on certa in  p ro d u c ts  and  se rv ic es  to 
the EU stan d ard s . T h ere fo re , the em p irica l part o f  the  s tu d y  is d iv id ed  in to  tw o 
parts, ad e q u a te  for the  an a ly sed  issues.



5.1. S im u la t ion  1 -  im port  tax

A p p ly in g  sc en a rio  for the first s im u la tion  is fairly  s im ple . It am o u n ts  to  a d d ­

ing 0 .05  to each  ra te  o f  ind irect taxes on im ported  g o o d s  sj"°. T h e  resu lts  are 

p resen ted  in T ab le s  4 and  5.

T a b l e 4

Results o f  simulation 1. Rates o f  growth of prices, share o f imports in supply (in %)

—

/ Products and services
Basic prices 
(domestic)

Final prices 
(domestic + 
imported)

Actual share of 
imports in total 

supply
1 Agriculture and forestry 1.0 1.3 10.0
2 Fishery 1.2 1.7 22.9
3 Mining 0.7 2.1 38.9
4 Food 0.9 l.l 8.0
5 Tobacco 0.6 0.7 2.5
6 Fabrics 1.5 2.6 42.4
7 Textile 0.8 1.2 16.7
8 Leather 1.1 1.6 26.1
9 Wood 1.0 1.3 9.9
10 Paper 1.7 2.8 40.6
11 Publishing and printing 0.9 l.l 7.9
12 Petrol 1.6 1.6 15.4
13 Chemicals 1.0 2.5 50.7
14 Rubber and plastic 1.5 2.4 34.6
15 Other non-metallic 1.0 1.6 20.9
16 Metal 1.3 2.2 27.0
17 Metal products 1.2 2.0 25.1
18 Machines 1.3 2.9 50.4
19 Office machines and computers 2.2 3.9 90.5
20 Electric machines 1.6 2.6 35.3
21 Radio and TV devices 1.5 3.1 60.6
22 Medical and optical devices 1.0 2.2 34.7
23 Motor vehicles 1.8 3.1 55.9
24 Other transport equipment 1.6 1.9 9.7
25 Furniture and other goods 1.2 1.6 13.4
26 Recycling 1.5 1.5 0.0
27 Electricity, gas, water 1.0 1.0 0.3
28 Construction 0.9 1.0 2.5
29 Hotels and restaurants 0.6 0.6 0.0
30 Financial services 0.9 1.8 21.2
31 Business and real estate services 0.5 0.7 4.4
32 Public administration and defence 0.1 0.1 0.0
33 Education 0.2 0.2 0.0
34 Health care and social security 0.2 0.2 0.0
35 Other services 0.5 0.5 1.2
36 Repair 0.6 0.6 0.8
37 Transport, storage, communication 0.8 1.5 16.7



T a b l e  5

Results oľ simulation 1. Rates o f growth of aggregate prices (in %)

Categories offinal expenditures + global output Price change

Private consumption 1.3
Government consumption 0.3
Investment 2.0
Export 1.9
Global domestic output (basic prices) 0.8

S o u r c e :  Own calculations.

T h e re la tiv e ly  h ig h est g ro w th s  o f  final p rices can  be o b se rv e d  for o ffic e  m a­
ch ines, m o to r v eh ic le s  and rad io  and T V  dev ices, m ain ly  as a resu lt o f  h igh  im ­
port sh a res  fo r these  p ro d u cts . H ow ever, final p rices a re  a lso  d riv en  by s ig n ifi­
can t inc rease  in m ateria l co s ts , w hich  is v is ib le  in basic  p rices  (fo r  in d u stry  rates 
o f  g ro w th  o f  bas ic  p rices  o sc illa te  a round  l% -2 % ) . It is the o ffic e -m a c h in e  in ­
dustry  w hich  b ears  the h ig h est ind irect co s ts  o f  in tro d u c in g  im port tax. A m o n g  
co m m o d itie s  sh o w in g  the w eak est reaction , as far as p rices  a re  co n c e rn ed , the re  
are essen tia lly  th o se  w h ich  ab so rb  little  m ateria l costs. O n e sh o u ld  m en tio n  here 
m ain ly  ed u ca tio n , pub lic  ad m in is tra tio n  and d efen ce  and h ea lth  ca re  se rv ices .

T ab le  5 sh o w s ch an g es o f  p rices for m a jo r ca te g o rie s  o f  final d em an d , as 
w ell as g lobal ou tpu t. D iffe ren ces am o n g  the rates o f  g ro w th  can  be ex p la in ed , 
f irs tly , by d iffe ren ce s  in ex p e n d itu re  s tru c tu res  ac ro ss  ca te g o rie s . T h e  second  
reason  is, th a t to ev a lu a te  g lobal o u tp u t basic p rices are u sed , w h ile  for th e  d e ­
m and -  final p rices. T h e  h ighest p rice  inc rease  is fo r in v e s tm e n t, the lo w est -  for 
go v ern m en t co n su m p tio n . In g en era l, in tro d u c in g  im port tax w o u ld  ra th e r  have 
u n fav o u rab le  im pact on in v estm en t co n d itio n s, s ince  re la tio n  o f  p rice s  o f  in­
v estm en t g o o d s  to p rices  o f  co n su m p tio n  w ould  w orsen . T h e  in c re ase  o f  p rices  
is also  co m p ara tiv e ly  h igh  for exports . O n the o th e r  hand , ho w ev er, im port tax 
seem s an a ttrac tiv e  so u rce  o f  budget revenues. G o v e rn m e n t co n su m p tio n  b e ­
com es re la tiv e ly  ch eap , m e an in g  that bes ides d irec t o u tc o m e in a fo rm  o f  tax 
rev en u e  increase , add itiona l red is trib u tio n  effec t appears.

5.2. S im u la t ion  2 -  V A T  ad aptation  to the EU sta n d a rd s

In the second  ex p e rim en t, e ffec ts  o f  the V A T  rate  ch a n g es  a re  an a ly sed . T he 
po in t o f  ch a n g es  is lim itin g  the ran g e  o f  reduced  and  zero  ra tes  (e .g . in co n s tru c ­
tion  and agricu lture). T h e  m ajo r changes in V A T  rates are po in ted  out in T ab le  6.



T a b l e  6

Major forthcoming changes in VAT rates in Poland (rates in %).

Products and services Current rate New rate

Agriculture 3 7
Means of agriculture production 3 7
Construction 7 22
Materials for construction 7 22

S o u r c e :  Own calculations.

T o  se t p ro p e r  v a lu es o f  t, fo r  sim u la tio n , new  re fe ren ce  ra te s  w ere  ca lc u ­

lated  (see  th e  p rev io u s  sec tio n ) tak in g  into acco u n t the  p lan n ed  ch a n g es . C a lc u ­
la ting  d iffe ren ce s  b e tw een  these  ra tes and the o ld  re fe ren c e  ra tes (see  T ab le  2), 

leads to f in d in g  the necessary  ad ju stm en ts  o f  /, in the  s im u la tio n . T h e  ad ju s t­

m en ts  a re  p re se n ted  in T ab le  7. T ab les  8 &  9 show  resu lts  o f  s im u la tio n  2.
In the ca se  o f  V A T  increase , p rice  ch an g es are  p red o m in a te d  by d irec t e f­

fects, v is ib le  in final p rices. H ow ever, a sligh t reac tio n  o f  bas ic  p rice s  can  also  
be o b se rv ed  -  g en e ra lly  being  at the level o f  0 .1 %  -  0 .2% . F o r p ro d u c ts  and 
se rv ices  fu lly  ex e m p te d  from  V A T  th is reaction  is rea so n ab ly  stro n g er. F or e x ­
am ple , g ro w th s  o f  bas ic  p rices  o f  fishery  p roducts ex ceed s  1%, w h ile  for pub lic  
a d m in is tra tio n  and defen ce , ed u ca tio n , as w ell as p u b lish in g  and  p rin tin g , these 
ra tes  a re  c lo se  to  0 .5% . A s far as ag g reg a te  ca teg o rie s  a re  c o n c e rn ed , it is co n ­
sum ption  tha t g o es up  the h ig h est, fo r o th e r  ca teg o rie s , p r ice  reac tio n  is very  
sligh t. A gain , as in the  case  o f  im port tax, the sta te  b u d g et ad d itio n a lly  b en e fits  
from  re la tiv e  p rice  ch an g es , but the cost th is tim e is not tran sfe rred  n e ith e r to 
in v e s tm e n t n o r expo rts .

T a b l e  7

Changes o f VAT rates in simulation 2 (in percentage points)

/' Products and services Changes o f  VAT rates
1 Agriculture and forestry 7.0
9 Wood 4.3
11 Publishing and printing 2.3
13 Chemicals 0.1
15 Other non-metallic 9.3
16 Metal 0.8
17 Metal products 6.5
18 Machines 0.5
25 Furniture and other goods 0.3
27 Construction 15.0



Results oľsimulation 2. Rates o f growth of prices (in %)

i Products and services
Basic prices 
(domestic)

Final prices 
(domestic + imported)

1 Agriculture and forestry 0.0 7.0
2 Fishery 1.1 0.9
3 Mining 0.1 0.0
4 Food 0.1 0.1
5 Tobacco 0.1 0.1
6 Fabrics 0.0 0.0
7 Textile 0.0 0.0
8 Leather 0.1 0.0
9 Wood 0.1 3.8

10 Paper 0.0 0.0
1 1 Publishing and printing 0.5 2.7
12 Petrol 0.0 0.0
13 Chemicals 0.0 0.1
14 Rubber and plastic 0.0 0.0
15 Other non-metallic 0.1 8.3
16 Metal 0.1 0.7
17 Metal products 0.2 5.7
18 Machines 0.1 0.5
19 Office machines and computers 0.0 0.0
20 Electric machines 0.1 0.1
21 Radio and TV devices 0.0 0.0
22 Medical and optical devices 0.1 0.1
23 Motor vehicles 0.2 0.1
24 Other transport equipment 0.1 0.1
25 Furniture and other goods 0.1 0.3
26 Recycling 0.1 0.1
27 Electricity, gas, water 0.0 0.0
28 Construction 0.1 14.2
29 Hotels and restaurants 0.0 0.0
30 Financial services 0.2 0.1
31 Business and real estate services 0.1 0.1
32 Public administration and defence 0.4 0.4
33 Education 0.4 0.4
34 Health care and social security 0.3 0.3
35 Other services 0.1 0.1
36 Repair 0.0 0.0
37 Transport, storage, communication 0.0 0.0

S o u r c e :  Own calculations.



T a b l e  9

Results o f simulation 2. Rates o f growth o f aggregate prices (in %)

Categories o f final expenditures + global output Price change

Private consumption 1.7
Government consumption 0.3
Investment 0.1
Export 0.1
Global domestic output 0.1

S o u r c e :  Own calculations.

It can  be s tressed  th a t in the case  o f  in c rease  o f  the c o n s id e red  V A T  rates 
(ag ricu ltu re  p ro d u c ts , c o n s tru c tio n  serv ices , m ateria ls  fo r ag ric u ltu re , m a te ria ls  
for co n s tru c tio n , p u b lish in g  and  p rin tin g  p roducts), the  ro le  o f  in d irec t co s t-p u sh  
effec ts  in p rice  fo rm atio n  p roved  ra th e r in sig n ifican t. It m e an s  tha t V A T  on 
these  p a rticu la r  p ro d u c ts  have little  share  in the n o n -d ed u c tib le  V A T  in the 
eco n o m y  an d  can  be m ostly  d educ ted  by p roducers , b e in g  ra th e r  lucky  co in c i­
den ce  as far as in fla tion  in P o land  is concerned . O ne sh o u ld  h av e  in m in d , h o w ­
ever, tha t the cu rren tly  p roposed  p ro ced u re  o f  p u rify in g  in p u t-o u tp u t tab le  o f  
V A T  is im p e rfe c t and  m ay lead to  u n d eres tim a tin g  the  ro le  o f  n o n -d ed u c tib le  
V A T  in fo rm a tio n  o f  basic  p rices. T h u s, th is  is the  m ain  in d ica tio n  the m ain  
p o in t in fu rth e r d ev e lo p m e n t o f  the p rice  m odel.

R E FE R E N C E S

B a r d a z z i  R., G r a s s i n i M . (1991), V alue-added Taxes and O ther Indirect Taxes in 
an EEC C ountry M odel: the Italian C ase , “ Economic Systems Research”, vol. 3, no. 1 

C o l l a d o  .1. C., S a n c h o F. (2002), R ecovering Hidden Indirect Tax R ates f o r  Im­
p ro ved  C alibration  in M ultisectoral M odelling , „Economic Systems Research”, Vol. 
14. No. 1

G r a s s i n i  M. (1997), The Structure o f  the M odern M ultisectora l M odel. The Input- 
Output M odel o f  IN FO RU M  System , [in:] P roceedings o f  the 3 rd  W orld INFORUM  
C onference, Absolwent, Lodz 

M i l l e r  R. E., B l a i r  P. D. (1985), Input-Output A nalysis: Foundations and Exten­
sions, Prentice-1 lall, inc., Englewood Cliffs, New Jersey 

System  Rachunków N arodow ych t. II (Tlie System o f  N ational A ccounts vol. II), (1997), 
GUS (Central Statistical Office), Warszawa 

T o m a s z e w i c z L., B o r a t у ń s k i J. (2003), A naliza cenow ych efektów  zm ian p o ­
datków  pośredn ich  na p rzyk ładzie  podatku  im portow ego (P rice E ffects o f  Indirect 
Tax Changes. The C ase o f  Im port Tax), [in:] W zrost gospodarczy , restrukturyzacja i 
rynek p ra c y  w  P olsce. U jęcie teoretyczne i em piryczne, Katedra Ekonomii UL, 
Łódź.

Z i e n k o w s k i  L. (2002), Co to je s t  PKB?  ( What is the G D P ?), Warszawa.



Jakub Boratyński

ROLA PODATKÓW  POŚREDNICH W PROCESIE KSZTAŁTOW ANIA CEN -  
MODEL DLA POLSKIEJ GOSPODARKI

Podstaw ow ym  celem  opracow ania je s t sfo rm ułow anie w ielo sek to row ego  m odelu 
odzw ierc ied la jącego  w pływ  podatków  pośrednich  na ceny w polsk iej gospodarce. S ta­
now i on rozszerzen ie  standardow ego  m odelu cen typu input-output. M odel ten pokazuje 
w zajem ne zależności cen produktów  poszczególnych  gałęzi gospodark i, w ynikające 
z oddziaływ ania na koszty  produkcji.

Poza k o n stru k c ją  m odelu  om aw iany  je s t problem  uzysk iw an ia  je g o  param etrów  
w oparciu o tab lice  przep ływ ów  m iędzygałęziow ych . P roponow ana je s t  m etoda dekom ­
pozycji tej tablicy , p row adząca  m .in. do uzyskania efek tyw nych  staw ek poszczególnych  
podatków  pośrednich . O m aw iana je s t m .in. p rocedura szacow an ia  części podatku  od 
tow arów  i u sług  (V A T ), k tó ra  nie podlega odliczeniu  przez przedsięb iorców .

S konstruow any m odel w ykorzystyw any  je s t do analizy  sku tków  ew en tualnego  
w prow adzen ia  5-p rocen tow ego  podatku im portow ego, a także do oceny  skutków  dosto ­
sow ania staw ek V A T  do w ym ogów  Unii Europejskiej.


