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PRODUCTION CHAINS 

Summa r y  

T r i a n g u l a r i z a t i o n  of input-output  t ab les  i s  the normal method t o  determine the 

h ierarchy of i n d u s t r i e s  i n  the p roduc t ion  process. The present  paper 

fo rmal izes  the  n o t i o n  o f  p roduc t i on  chains i n  order t o  o b t a i n  an a l t e r n a t i v e  

method u i t h  considerable conceptual  and computat ional  advantages. Product ion  

chains are  seauences o f  t rans format  ions  o f  p roducts  by successive i n d u s t r i  es. 

These can be c a l c u l a t e d  from input-output  t a b l e s  because each term o f  t h e  

Tay lo r  s e r i e s  rep resen ta t i on  of t he  Leont iev  inverse corresponds w i t h  one 

t ransformat ion.  The degree t o  which a  t rans fo rma t ion  i s  major o r  minor can be 

o p e r a t i o n a l i z e d  by measuring the  amounts o f  value o r  employment pe r  u n i t  o f  

ou tput  added i n  each t rans format ion .  I n  addi t ion,  bo th  the  numbers 

t rans format ions  through whi.ch each i n d u s t r y ' s  inputs  go (backward 

t rans format ions)  and t h a t  o f  i t s  ou tpu ts  .( forward t rans format ions)  may be 

calculated.  Using these concepts, t h e  mrch t o o  r e s t r i c t i v e  h ie ra rchy  obta ined 

by t r i a n g u l a r i z a t i o n  can be rep laced by a  number o f  o the r  c h a r a c t e r i s t i c s  l i k e  

the  ' d i  stances ' between indust r ies ,  the  d i  stance from an i n d u s t r y  t o  

consunption and t h a t  t o  pr imary  inputs,  



l .  I n t r o d u c t i o n  

Each i n d u s t r y  has i t s  oun pLace i n  t h e  economy. An i n d u s t r y  purchases goods anJ 

s e r v i c e s  f rom o t h e r  i n d u s t r i e s  and v i c e  ve rsa  ( f o r  s h o r t  ue u i  1L use most o f  

t imes  t h e  te rm goods when we mean goods and se r v i ces ) .  Besides, f r e q u e n t l y  an 

i n d u s t r y  u i  L L  aLso suppLy t 0  f i n a L  demand ca tegor ies .  A good t h a t  has been used 

by an i n d u s t r y  couLd be cons i de red  as be i ng  embodied i n  t h e  p r o d u c t s  o f  t h a t  

i ndus t ry ,  even though we can no Longer i d e n t i f y  i t  as such. WouLd ue f o l l o u  a  

good on i t s  p a t h  t h rough  t h e  v a r i o u s  s tages o f  p roduc t  i o n  processes we uouLd 

n o t i c e  t h a t  i t  i s  r e p e a t e d l y  embodied i n  a  p roduc t  b e f o r e  i t  f i n a L L y  " a r r i v e s "  

a t  i t s  d e s t i n a t i o n ,  t h e  f i n a l  demand ca tego r i es .  T h i s  p r o g r e s s i v e  advance we 

u i L L  c a l 1  a  p r o d u c t i o n  c h a i n  . 

I t  has been o f t e n  suggested t h a t  by t r i a n g u l a r i z i n g  10 - t ab l es  t he  

existente o f  a  p r o d u c t i o n  c h a i n  can be made v i s i b L e .  Th i s  i s  based on t h e  

assumpt ion t h a t  a  Louer pLaced i n d u s t r y  u i l L  suppLy t o  a  h i g h e r  pLaced one 

u h i  Le t h e  r eve r se  u i  L L  n o t  be t rue .  AnaLyzing a  p roduc t  i o n  s t  r u c t u r e  by 

t r i a n g u  L a r i z i n g  t h e  Iû - tabLe  has i t s  draubacks: 

1. t r i a n g u l a r i z i n g  i s  n o t h i n g  more t han  o r d e r i q g  t h e  i n d u s t r i e s ;  

2. t h e  o r d e r i n g  depends on t h e  d imensions o f  t he  t a b l e  and t h e r e f o r e  does no t  

g i v e  f i x e d  c h a r a c t e r i s t i c s  o f  t h e  i n d u s t r i e s ;  

3. t h e  method i s  i n s t a b l e  uhen t h e  vaLues o f  a  number o f  ceLLs a re  c l ose  t o  

zero; 

4. t h e  caLcuLa t ions  demand t h e  u tmos t  o f  computer t i m e  ( f o r  any i nc rease  i n  t h e  

number o f  i n d u s t r i e s  computer t i m e  g r o u t h  w i t h  n2.n!); 

5 .  t h e  o r d e r i n g  i s  ve r y  s e n s i t i v e  t o  r e l a t i v e  changes i n  p r i ces ;  

6. c i r c u L a r i t y  - t h e  d i r e c t  o r  i n d i r e c t  deL i ve r y  by an i n d u s t r y  t o  i t s e  

cannot be t a k e n  i n t o  account.  

Bes ides  these draubacks one migh t  aLso wonder o ~  uha t  base t h e  

t r i a n g u l a r i z a t i o n  shouLd be c a r r i e d  out .  ShouLd ue t a k e  t h e  vaLue i n  do 

f -  

Lars, 

t h e  cumulated c o e f f i c i e n t s  o r  even appLy o t h e r  s tandards?  Each o p t i o n  has i t s  

oun p e c u l i a r i t i e s  whi Le t h e i r  r e s p e c t i v e  r e s u l t s  a r e  d i f  f i c u l t  t o  conlpare and 

t h e i r  d i f f e r e n c e s  a r e  ha rd  t o  i n t e r p r e t e .  An ex tens i ve  a p p r a i s a l  o f  these 
1 probLems can be found  i n  Uesse ls  . 



I n  s t u d i e s  on t h i s  s u b j e c t  q u i t e  o f t e n  ~ e o n t i e f ~  i s  c i t e d :  

"The t r i a n g u l a r i z a t i o n  o f  a  reaL i npu t - ou tpu t  t a b l e  - t h a t  i s ,  t l i e  d i s cove ry  o f  

i t s  p e c u L i a r  s t r u c t u r a l  p r o p e r t i e s  - i s  a  chaLLenging task". I n  our  o p i n i o ~  t h e  

a n a l y s i s  o f  t h e  economic s t r u c t u r e  i s  emphasized here, f o t  u h i c h  

t r i a n g u l a r i z a t i o n  i s  a  tooL. Chenery and uataqabe5 a p p l i e d  t h i s  method t o  

compare p roduc t  i o n s  s t r u c t u r e s  o f  s e v e r a l  count r i e s .  Anjac and I4asson4 t r i e d  

t o  a v o i d  t h e  p rob lem o f  t h e  many p o t e n t i a l  pe rmu ta t i ons  by c r e a t i n g  a L inear  

o rder ing ,  based on t h e  p r i n c i p l e  o f  t h e  "most impo r t an t  purchaser" .  

To min im ize  t h e  i n f  Luerlce o f  t h e  f i n a l  demand c a t e g o r i e s  Sirnpson and 

~ s u k u i '  used t h e  i n p u t  c o e f f i c i e n t s  as b a s i s  f o r  t h e i r  t r i a n g u l a r i z a t i o n ;  

smaLL c o e f f  i c i e n t s  ue re  simpLy neg lec ted .  Uhen they  compared t a b l e s  o f  

d i f f e r e n t  c o u n t r i e s  t hey  no t  i c e d  t h a t  betueen i n d u s t r i e s  fundamenta l  i n t e r -  

dependences couLd be recognized.  K o r t e  aod obe rho fe r '  s t u d i  ed t h e  

mathematica1 backgrounds. They presume t h a t  t h e  o r d e r i n g  by means o f  

t r i a n g u l a r i z a t i o n  y i eLds  such a  un i que  r e s u l t  t h a t  t h i s  o r d e r i n g  u i  L L  b e s t  

r ep resen t  t h e  i n d u s t r i a l  h i e r a r c h y .  HeLmstXdter '-l1 has p u b l i s h e d  many 

a r t i c l e s  on t r i a n g u l a r i z a t i o n .  I n  one o f  them he vonders how ' long  t h e  d i s t ances  

- measured i n  t i m e  - between t h e  v a r i o u s  i n d u s t r i e s  uouLd be. I n  t h e  case o f  

p e r f e c t  , L i n e a r i t y  t h i s  q u e s t i o n  i s  easy t o  soLve, b u t  uhen c i r c u l a r i t y  i s  

i n v o l v e d  t h e  s i  t u a t  i o n  becomes ve r y  comp L i  cated. He aLso touches on t h e  

r e l a t i o n  betueen t h e  t i m e  of i n v e s t i n g  and t h e  Lag t i  L L  t h e  expec ted  g rou th  of  

t h e  consumption. Lamel e t  al .12 use t r i a n g u l a r i z a t i o n  t o  compare t h e  

p r o d u e t i o n  s t r u c t u r e  of d i f f e r e n t  c o u n t r i e s  and con f  i r m  t h e  assumpt i o n  t h a t  

t h e r e  e x i s t s  a  r e l a t i o n  be tueen  t h e  Leve l  o f  development o f  a  cour l t ry  and t h e  

d i f  f e r e n t  forms o f  i n t e r d e p e n d e w e  be tueen  i n d u s t r i  es. 0ubek13 compared t h e  

p r o d u c t i o n  s t r u c t u r e s  be tueen  A u s t r i a  and CzechosLovakia and conc luded t h a t  t h e  

i n f  Luence o f  t echno logy  on t r i a n g u l a r  p r o p e r t i e s  o f  t h e  tabLe i s  n o t  b i g  and 

that ,  uhen one wants t o  Look a t  p o s s i b l e  t e c h n o l o g i  c a l  s i m i  l a r i  t i  es between 

coun t r ies ,  t h i s  t echn ique  shou Ld be used u i  t h  t h e  g r e a t e s t  r e s t r a i n t .  

The purpose o f  t h i s  a r t i c L e  i s  t o  deve lop  a  method u h i e h  u i l L  enabLe US t 0  

"see" a  k i r l d  o f  h i e r a r c h i c a l  s t r u c t u r e  betueen i n d u s t r i e s .  T t i i s  method u i  L L be 

much Less t r o u b l e d  by t h e  above-ment i o n e d  drawbacks t h a n  t r i  a n g u l a r i t a t  i on .  I t  

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

Levels  o f  aggrega t ion .  We have aLso, more o r  Less, succeeded i n  e t i m i n a t i n g  t h e  

i n f  Luence o f  d i f f e r e n t  r e l a t  i v e  p r i c e s .  

Our s t a r t i n g  p o i n t  i s  t h e  e x i s t e n c e  of p r o d u c t i o n  cha ins  o f  d i f f e r e n t  

Lengths; every  i n d u s t r y  i s  t h e  c e n t r a l  Link o f  i t s  p r o d u c t i o n  chain. The 



Length of a  c h a i n  i s  de te rmined  by t h e  number o f  p r o d u c t i o n  steps; ar, 

i n t e r m e d i a t e  d e l i v e r y  from one i n d u s t r y  t o  ano ther  i s  cons idered  as one step. 

L a t e r  t h e  s t eps  u i l t  be s u b j e c t e d  t o  ue i gh t i ng ,  based m vaLue added and 

employment. I n  p r i n c i p t e  a  p r o d u c t i o n  c h a i n  i s  s t r e t c h e d  o u t  f rom s c r a t c h  t o  

consumpt i on. 

The method has been a p p l i e d  t o  a  s p e c i a l  Dutch 10-tabLe u i t h  317 e n t r i e s ;  t he  

r esuL t s  u i L L  be pubLished. on a  Leve l  o f  179 i n d u s t r i e s .  

One of t h e  by -p roduc ts  of t h e  caLcuLat ions i s  a  m a t r i x  u h i c h  r ep resen t s  t he  

"numbers o f  ( ue i gh ted )  s t eps "  betueen i n d u s t  r i e s .  Sirice every i ~ d u s t r y  i s  t h e  

c e r i t r a l  L ink o f  i t s  o m  p r o d u c t i o n  c h a i n  one cannot s imp l y  add o r  s u b t r a c t  

p o s i t i o n s  on t h e  v a r i o u s  chains. The d i r e c t i o n  i s  o f  g rea t  i n f  Luence: comparing 

t u o  i n d u s r i e s  A a n d 0  t h e  d i f f e r e n c e  betueen A B and B A couLd be very  

Large i ndeed. 

2. The t o t a l  i n p u t - o u t p u t  tabLe 

The purpose o f  ou r  a n a l y s i s  i s  t o  e s t a b l i s h  t h e  Leriytt i  o f  t h e  p r o d u c t i o n  chains 

t h a t  L inks  o r i g i n a l  i n p u t s  t o  t h e i r  f i n a l  d e s t i n a t i o n .  Th i s  c a m o t  be done u i t h  

t h e  s t anda rd  10-tabLe, s i nce  t h e  L a t t e r  cun ta i ns  a  ~ u m b e r  o f  c a t e g o r i e s  o f  

p r i m a r y  c o s t s  t h a t  do n o t  c o n t a i n  o r i g i n a L  inputs ,  as ueLL as c a t e g o r i e s  o f  

f i n a L  e x o e n d i t u r e  t h a t  a r e  no t  t h e  t r u e  f i n a L  d e s t i n a t  ion. 

Thus t h e  c a t e g o r i e s  o f  p r i m a r y  c o s t s  can be b roken  down as 

1. n e t  v a l u e  added; 

2, imports;  

3. consumpt ion o f  f i x e d  c a p i t a l .  

O f  these, onLy n e t  vaLue added rep resen t s  i n p u t s  t h a t  have no t  gene through 

p r e v i o u s  t r a n s f o r m a t  i on .  Consumpt i o n  o f  f i x e d  cap i  taL  r e f  Lects  t h e  using-up of 

t h e  pas t  inves tments  t h a t a r e  t h e  r e s u l t  o f  e a r L i e r  f l o u s  t h rough  t h e  p r o d u c t i o n  

chain. I m p o r t s  c o n s i s t  o f  goods and s e r v i c e s  t h a t  have passed t h r o u g h  

p r o d u c t i o n  chains abroad and, f r equen t l y ,  a t  home as welL. CLearLy ue uou ld  

unde res t ima te  t h e  Length of t h e  p r o d u c t i o n  cha i r i  i f  ue i g n o r e  t h e  f a c t  t h a t  

consumpt ion o f  f i x e d  c a p i t a l  and i m p o r t s  a re  based on e a r L i e r  f l o u s  th rough  t h e  

p r o d u c t i o n  chain. tience t h e  cha ins  u n d e r l y i n g  these  tuo-  c a t e y o r i e s  have t 0  be 

i n c o r p o r a t e d  i n  t h e  10-tabLe ue a r e  t o  employ. Thus t h i s  tabLe has t o  be 

ad jus ted .  



The o r i g i r i t r l  p r i w a r y  catrg0r.y c f  i r í q~o r t s  i s  b r o k t r i  J a u ~  i 1 1  a  separa te  tahLe 

o f  irnports, t h a t  a r e  c o m p e t i t i v e  r i i t h  t h t  cor respondi r ig  uu tc l i  i n d u s t r i e s .  Fur 

those goods uh i c t i  cafir iot be prod i iced by Gutci i  inrit is tr i r s  irt idi t i o ~ a L  rous aritf 

colunr is Iiavc t>eeSr credtët l .  Tiie coli~rnrr'i have tht. i r i pu t  s t  r u c t u r c  o f  t h a  

c o u n t r i e s  o f  o r i g i ? .  I n  a  s i n i  Lar  uay rous and coLunins f o r  t l i t f e r e ~ t  types of 

c a p i t a l  goods a re  i ~ t r o d u c e d .  The rous  o f  these "pseudo- indus t r ies "  con ta i r i  tlir 

dep rec i a t i ons ,  t h e  coLuiims t h?  r e l a l i v e  c o n t r i b u t i o r i s  of t he  i r i d u s t r i r s  t ha t  

produced t h e  p a r t i c u l a r  baske ts  u i  c a p i t a l  yoods. 1n t h i s  udy  u r  have 
' * '  

c o n s t r u c t e d  a  new t a b l e  t h a t  cort t t r ins a r ou  v  u i t h  tlir w t  v o t u e  ad:led a ~ d  

ari i r i t e r c l ed i a t e  m a t r i x  

Hcre A: i, tl ie  d o w s t  i c  i n t r rm t ! d i  & t e  rr 'atr ix , t i  t11 t l i e  aríded pseudci- 

i n d u s t r i e s ,  u h i  L ?  A; r e p r e s r t i t s  t i n a l r i x  o f  i m r ~ o r t e d  prod i ic ts ,  b ruken  

douri s cco rd i ng  t o  t t i c i r  Dcitcti c o u r i t r r p j i  t s  and exter idcd u i  t h  rous snd coLunins 

f o r  the  riori-cornpet i t i ve i i i i po r ts .  

The m a t r i x  A *  r ep resen t s  :rttaL i r i t r r l n r c l i a t r  d e l i v e r i t s ,  i .e. i r i c t ud i r i g  

t h o s r  abroacl and over  t ime  ( c a p i  t t r L  j ,  c o r r e s p < ~ r d i n y  t o  the  o r i g i n a l  f i naL  

d e l i v e r i e s  o f  t i ~ e  Dutch 10-ïóbLe. i lourver,  t ne  p roduc t  io r i  t o t a l s  

o f  t h e  o r i y i n j L  t a b l e  sho i~ lc !  Lje supplenterited by ttir p roduc t  i o n  t o t a l s  o f  t l i e  

neuLy c r e a t e d  " i n d u s t r i e s "  t ú r  . i on - i ompe t i t i ve  i o ~ p o r t s  arid c a p i t d l  co r i su r r t~ i t i~ r i .  

Ttie v e c t o r  o b t a i n e d  i n  t h i b  uccy aLLous t h r  d e r r r n i i n a t i o r i  o f  a r i i i i t r i x  a f  i n p u t  

coef f i c i  erit s 

The m a t r i x  Ä* may be c a l l e d  t h e  m a t r i x  o f  " t o t a l  i n p u t  ~ o e f f i c i e r ~ t s " .  I t  

shous t h e  t o t a l  i n p u t  s t r u c t t i r e  a c s o c i a t e d  u i  t h  t h e  Dut cl) i r i t s - rmed ia t t  arid 

f i n a l  demand: t h e  usuaL domest ic  i r i pu t  s t r i i c f i ~ r e  supplementcd r i t h  t h d t  o f  

i n p o r t s  and c a p i t a l  corisumpt ion .  The wiLy p r i i na ry  i n p u i  i s  v d l u r  added. A L  i 

p r ~ d u c t i o r i  cha iqs  u r tder l y in< ;  the c t t i e r  o r ; g i r i sL  i n p i l t s  t iävr been i n c o r p o r a t r d  

i? t h t à  m a t r i x .  

The o r i g i n s L  f i n a l  denawj c a t e g o r i e 5  are: 

1. co?sunipt i o ?  o f  househo t ds aod goverriiitent, 

2 .  gross  i q v r s t n e n t  s; 

3. i n v e q t o r y  changes; 

4 .  expo r t s .  



OriLy t l ie  f i r s t  orte i s  a  bond- f ide  f i r i aL  d e s t i r i a t i c n .  Invest inent  ?loods u i l 1  

be employed i n  f u t u r e  p r o d u c t i o n  processes a d  so u i l L  c o q t r i b u t ?  t o  f u t u r e  

p roduc t  i o n  chaiqs. I r i v c r ~ t o r i e s  a7d expo r t  S u i  L l mt becoli~e f  i naL  corniiiodi t i e5  

u n t i L  they a re  absorbed by domest ic  o r  f o r r i g r i  co r i s~ i~ ip t io r i ,  d i r e c t l y  o r  by 

e n t e r i q g  f o r e i g ?  o r  domest ic  p r o d u c t i o r i  c h a i ~ s  agai?. Thus ue shou td  ac tua l Ly  

ana lyse  t h e  d e l i v e t i e s  t o  c o n s u m p t i o ~  onLy and eL im ina te  t h e  o t h e r  ca tegor ies .  

T h i s  r e q u i r e s  m o d i f i c a t i o n s  o f  t l ~ e  i n t e m e d i a t e  d e l i v e r i p s  arid p r in ia ry  cos t s  

bo th :  . t h e i r  d e l i v e r i e s  a t t r i L u t a b t e  t o  t l i t s e  c a t e q o t i e s  o f  f i ? a l  expend i t u re  

must be rrmoved. Th i s  ca? o - i l y  be ach ieved  by f i r s t  c á l c u L c i t i r q  t t i t  cuci i i lated 

i n p u t  c o e f f  i c i e q t s  and tt ieri m u l t  i p L y i r i g  these  u i  t t i  t he  cons~irnpt i o n  vec to r .  I n  

t h i s  uay wc o b t a i r i  t he  p r i rna ry  c o s t s  arid i r i t e r rned ia te  de L i  v e r i  2s c i )mect r ( :  u i  t t i  

cmsumpt i o n  or i ly.  

We can nou c a l c u t a t e  t h e  t o t a l  p r o d u c t i o n  be l ong ing  t o  a  c l osed  economy u i t h  

an i n p u t  s t r u c t u r e  t h a t  c l o s e l y  resembles t h e  Dutch one. We o b t a i n  

* 
uhere  c  i s  t h e  consumption vec to r .  

We c a l 1  t h e  economy c l osed  because i t  con ta i ns  aLL p r o d u c t i o n  s teps  from 

s c r a t c h  t o  f i n a l  consumption. Thus j t  can be cons idered  as b e i n g  c l osed  i n  b o t h  

t i m e  and space. 

H u l t i p l y i n g  (3) w i t h  t h e  i n p u t  c o t f f i c i e n t s  ue o b t ê i n  t h e  i n t e r m e d i a t e  

m a t r i x  o f  t h e  c l osed  economy 

The nex t  s t e p  i s  t he  c a l c u l a t i o n  o f  t t ie  v e c t o r  o f  the c o e f f i c i e n t s  of t h e  

ne t  va l u e  added 

The ne t  va l ue  added o f  t h e  c l o s e d  economy becomes 



I n  n e a r l y  t h e  Same way we can c a l c u l a t e  vec to r s  f o r  o t h e r  e f f e c t s  l i k e  

employment 

So, p roceed ing  f rom a  spec i f  i e d  consumption - i n  our  case t h e  Dutch consump- 

t i o n  - we have c o n s t r u c t e d  t h e  i n t e r m e d i a t e  m a t r i x  A *  , which comp le te l y  

desc r i bes  a l 1  t h e  necessary p r o d u c t i o n  processes. There a re  no impo r t s  and t h e  

consumption i s  t h e  onLy f i n a l  ou tpu t .  The consumption o f  c a p i t a l  goods has 

compLeteLy been t aken  i n t o  account.  One consequence o f  t h e  add i  t i o n  o f  pseudo- 

i n d u s t r i e s  t o  A *  i s  t h a t  - when we t r a c k  a  good i n  i t s  pa th  t r ough  t he  

v a r i o u s  p r o d u c t i o n  processes - a  s t e p  v i a  a  c a p i t a 1  good has t o  be cons i de red  

as a  double s tep:  f i r s t  a  d e l i v e r y  t o  a  pseudo- indus t ry  and t hen  one t o  t h e  

i n d u s t r y  t h a t  i n  r e a L i t y  u i l t  consume t h a t  p a r t i c u k a r  good. Me can j u s t i f y  t h i s  

by  t a k i n g  t h e  v iew t h a t  t h e  i n s t a l l a t i o n  o f .  a  c a p i t a l  good and t h e  p r o d u c t i o n  

o f  a  good w i t h  t h e  de f a c t o  h e l p  o f  t h a t  c a p i t a l  good can be seen as two 

separa te  ac t i ons .  

Suppose ue have a  m a t r i x  A ,  p a r t i t i o n e d  i n  4 submat r i xces  Al,, A,*, 

AZ1 and A Z 2 .  We de f  i n e  A  as 

We f i n d  t h e  L e o n t i e f  i n v e r s e  

L i k e  the s t anda rd  L e o r ~ t  i e f  i n v e r s e  h e r r  every  coLum~  rep resen t  s  t h c  cumuLated 

i n p u t  o f  aq i q d u s t r y .  ttouevrr, i~ (9) ue f i n d  i q  t h e  Last column t h e  cumulated 

i n p u t  of t h e  f i n a l  cleiaard catc-cjcry conauinpt iun, u h i c h  i r i i l ~ t  i a s  t t ia  t t f i i s  colurnii 

i s  t r e a t e d  l i k e  aqy o t h e r  i r i d u s t r y .  O f  cobrse t hc  n t h e r  i n d u s t r i e s  do no t  

co r i t a i ?  i n p u t s  from t t ie  f i n d l  COL UI^^^, u h i c h  i s  uhy tlir hottorn r o u  o f  u o t h  (8)  

aqd ( 9 )  con ra i ns  n o t h i q g  b u t  ze ro 's .  



* 
From nou on ue u i  L L  caLL t h e  Last column o f  (81, c  extended u i t h  an 

element zero, t h e  consumption v e c t o r  c. I n  t h e  same uay ue c o n s t r u c t  t he  

v e c t o r s  v  and L. For t t h e  added element i s  t h e  column t o t a L  o f  c. The 

c o e f f i c i e n t  v e c t o r s  anJ I a re  o b t a i n e d  by 

F i n a l l y  ue o b t a i n  t h e  m a t r i x  u i t h  i n p u t  c o e f f i c i e n t s  

and u i t h  ou tou t  c o e f f i c i e n t s  

The impor tance o f  these  m a t r i c e s  u i l 1  become c l e a r  i n  t h e  nex t  chapters .  

3. The number o f  f o rwa rd  t r a n s f o r m a t i o n s  

The cumuLated ou tpu t  c o e f f i c i e n t s  (i, j )  i n  t h e  L e o n t i e f  i n v e r s e  ( I  - Âo) - '  

i n d i c a t e  u h i c h  p a r t  o f  t h e  ou tpu t  of i n d u s t r y  i is, uLt imateLy,  embodird i n  t h e  

p roduc t s  of i n d u s t r y  j. The diagonaL element must be a t  Least equa l  t o  one, 

s i n c e  a L l  ou tpu t  of i n d u s t r y  i i s  by J e f i n i t i o n  a  p roduc t  o f  i n d u s t r y  i 

uhereas, i n  a d d i t i o n  t o  th i s ,  p a r t  o f  i ' s  p roduc t s  a re  embodied i n  o t h c r  

i n d u s t r i e s '  o u t p u t  u h i c h  i n  i t s  t u r n  may be embodied i n  i ' s  ou tpu t  once again.  

S i nce  t h e  t o t aC  10-tabLe t r e a t s  consumption as an i n d u s t r y  i t s  coef f i c i e n t s  a re  

equaL t o  one: a l t  ou tpu t  o f  t h i s  " i n d u s t r y "  i s  embodied i n  i t s  "p roduc ts "  a n d  

none i n  t h a t  o f  o t h e r  i n d u s t r i e s .  

The L e o n t i e f  i n v e r s e  <I - Ä r ep resen t s  t h e  u l t i m a t e  r e s u l t  o f  an 

i n f i n i t e  number o f  s teps  i n  t h e  p r o d u c t i o n  process.  The s teps  may be made 

e c p l i c i t  b y  means of t h e  TayLor expansion o f  t h e  i n v e r s e  



The v a r i o u s  t e r m  o f  ( 1 4 )  can be regarded  as s i icces ive s teps  i n  a  c o n ~ i n u o u s  

p r o d u c t i o n  process.  A f t t r  each s t e p  p a r t  o f  t h e  output,  neu l y  enibodied i n  on r  

p r ~ d u c t  o r  ano ther  i s  "s iphoned"  o f  f t o  corisunipt ion.  

I f  ue L i m i t  ou r se l ves  t o  consumption, ue can e a s i  l y  de te rmine  hou many 

p r o d u c t i o n  s t eps  ( f r om  nou on ue u i  L L  c a l 1  thern t r a n s f o r i n ó t i o n s )  on t h e  average 

uere  needed b t f o r e  one u n i t  o f  o u t p u t  has "reached" consumption. We on l y  n r e d  

t o  r n u l t i p l y  every  f r a c t i o n  u h i c h  i s  s iphoried t o  t h e  ionsur i ip t ion w i t h  t t i e  number 

o f  t r ans fo r i na t i ons .  Pe r f o rm ing  t h i s  o p e r a t i o n - u e  o b t a i r i  

Uhdt  i s  t h r  i n t e r p r e t a t i o n  o f  t h e  non-consumption eiernents o f  H ? I n  every 

te rm o f  t h e  s e r i e s  expans ion  a  c h ; l i , a c t e r i s t i c  element (i,j) represer i t s  t h c  

o u t p u t  of i n d u s t r y  i, d e l i v e r e d  t o  i n d u s t r y  j, as J f r a c t i o n  o f  t h r  t o t a i  

o u t p u t  o f  i, u e i g h t e d  w i t h  t h e  number o f  observed t r a n s f o r m s t i o n s .  

I t  i s  p o s s i b l e  that ,  because o f  c i r c u l a r i t y ,  a f r d c t  ion  o f  o ~ i t p ~ i r  o f  O W  

i n d u s t r y  more t haq  one t ime u i l 1  b r  d e l i v e r e d  t u  one anü t t t r r  i n d u s t r y .  I q  t l i i s  

case the  f r a c t i o n  u i  L1 each t ime t)e sccoun ted  for ,  h i t  erisli t i c r i ?  i re ig l i t? iJ  L J ~  t h  

the  match ing  Qumber o f  t r í i . is fornat io . is .  20 an eleirterlt ( i , j )  ~f i coq td i ns  t h r  

f r a c t i o ~  of t n e  cumulated o u t p u t  i which f l o u s  t t i ro i i gh  j, nu l c i . p l i c : l  v i t h  t l ie 

Qumber o f  observed t r ans fo r r i i d t i ons .  O f  course t l - l is  i s  a l s o  t r i i e  i o r  t t ie  

corisumpt i o r i  column o f  hut, sit-ice r t w  ~ w u l a t e d  ou tp t l t  uti ic11 ' f  ~ C U S  t l i r ~ u ~ h  

t h e  consur;iption, i s  equa l  t o  one by Jef irii t iori, u r  f inti o n l y  tlir average nurnler 

A m a t r i x  u h i c h  i s  eas 

wise by t h a t  f r a c t i o n  o f  

j, 

i e r  t o  i n t e r p r e t e  cari be o t t a i n e d  Ly d i v i d  

t h e  cumulated o u t p u t  o f  i, u t i i ch  lias been 

i n g  H e lement-  

d e l i v e r c d  t 0  



Here ue d e f i n e  t t i e  o p e r a t i o n  

T h i s  i m p l i e s  t h a t  f o r  a l L  elernents o f  R an  S u i t h  t h e  sanie i n d i c e s  ue shouLd 

have: 

S ince  t h e  elernents o f  usuaLLy a re  a t  Least equa l  10 zere, and t a k i n g  

t h e  s e r i e s  expansions i n  (14) and (15) i n t o ' a c c o u n t  one can e a s i l y  r e a l i z e  t h a t  

t h e  c o n d i t i o n  i n  ( ??a )  i s  met. 

The m a t r i x  (f may be des i gna ted  t h e  " t r a n s f o r m a t i o n s  ma t r i x " .  I t s  

c h a r a c t e r i s t i c  elentent (i, j )  r e p r e s e n t s  t h e  average ncimber o f  t r a n s f o r m a t i o n s  

o f  each u n i t  of i t h a t  e v e n t u a l l y  passes th rough  j, d i r e c t l y  and i n d i r e c t l y .  I f  

each t r a n s f o r m a t i o n  by each i n d u s t r y  u o u l d  r e q u i r e  t l l e  same p e r i o d  o f  t ime  

( ~ e t r n s t 3 d t e r ' ~  ment ions t h r e e  months, t iack14 a r r i v e s  a t  t t ie  Same r e s u l t s )  

t h e  eLements of t h e  t r a n s f o r m a t i o n s  m a t r i x  a r e  d i r e c t l y  p r o p o r t i o r ~ a l  t o  t h e  

average t ime  t h a t  Lapses be tueen  p r o d u c t i o n  by i and t h e  pass i ng  t h r ~ u g h  j. 

Llheri two i r i d u s t r i e s  a r e  t o  a  Large degree in te rdeper i t ,  e.g. rhen  i s u p p l i e s  

j w i t h  a  very  Large f r a c t i o n  u t  i t s  c u t p u t  t h e  nurnber o f  t rans fo r r i ta t io r i s  u i  L L  

be smal l ;  t he  r e v e r s ?  qeed qbt t o  br c r u e !  Uhen ons t r a v c l s  f r o n  L ~ n d o n  t o  

Amsterdani t l i e  d i  s tance  is, ve ry  sho r t .  Ilowever t r a v e l  li rirl f rarit Aiits terdam t s  

Loqdon and c o q t i r i u i q g  iri t h e  same d i r e c t i o n  t h r  d i s t a q c e  becoi~tes very  Large 

i ndeed ! 

4. Forward en backward t r a n s f o r n i a t i u n s  

When ue i n t r o d u c e d  t h e  t r a n s f o r m a t i o n  concept i n  s r c t i o n  3 ue  s t a r r e d  u i  t h  t he  

i n p u t s  as t hey  a r r i v e  a t  an i n d u s t r y  and cons idered  hou t hey  a r e  transforrned, 

f i r s t  by t h e  i n d u s t r y  i t s e L f  and nex t  by succeeding i n d u s t r i e s .  The f i r s t  o f  

t hese  t r a n s f o r m a t i o n s  may be ca L l e d  t h e  i n d u s t r y ' s  "s t rans fo rma t  ion", t h e  

n e x t  ones i t s  " f o r u a r d  t r a n s f o r m a t i o n "  s i n c e  they  a r e  o b t a i n e d  by Loohing 

f o r w a r d  f rom t h e  i n d u s t r y .  T h i s  immed ia te l y  suggests  t h a t  one co i i l d  a l s 0  Look 

backuard, i.e. c o n s i d e r  t h e  number o f  t r ans fo rma t  i o n s  th rough  u h i c h  each 



i n d u s t r y ' s  i r i pu t s  have gonr p r i o r  t o  r ~ a c h i r i g  i t .  IQ a J ( l i t i o r i  tc, t he  t uo  

concepts of the  i q d u s t r y ' s  o m  t r a n s f o r m a t i o n  and i t s  foruar,,i t r a n s f o r i n a t i o n  

t h i s  y ieLds  t he  concept o f  backuard  t rar is for r i ia t ions.  A L L  t l i r e r  cor lcepts ci i7 i  

a l s o  be cons i ck red  i n  tert i is o f  d e l i v e r i e s  t ~ c t u ~ e q  i n d u s t r i c s  ( o r  f o r  t t ~ i i t  

mat t e r  f roin i n d u s t  r i e s  t 0  c o n ~ u n p t  io i .~) ,  becausc. each t ransfor inat  i o n  i s  foL loued 

by a  d e l i v e r y .  AL1 d e l i v e r i e t s  o f  an i n d u s t r y  a r c  r ep resen ted  i n  t h e  t o t a l  i n p u t -  

ou tpu t  tabLe. Thus ue d e f i n e  i ? d u s t r y i s  j oun t r a ~ s f o r m a t i o n  ds t he  d2L ivn ry  of  

i t s  complete o u t p u t  t o  o t h e r  i n d u s t r i e s  o r  c u n s u n p t i o ~ .  L i v e n  t t i i s  d e f i r i i t i o r i  

t t ie  wmber  of t h e  OWI t ra . i s fo rna t  i o r ~  equaLs one arid i s  j u s t  t he  f i r s t  term sf 

consuinption; they a r e  g i v e ?  by t h e  

number o f  backuard t r a n s f o r m a t i o n s  

t h a t  t he  i n p u t  o f  j frorri any indus  

e q u i v a l e n t  Ly, i n c o r p o r a t e d  i n  any 

remair i ing p a r t  o f  

shou ld  be d e f i n e d  

t r y  i has IneQ d e l  

i n d u ~ t r y ' s  o u t p u t )  

- 
an expaqsion of (16) i n  a power s e r i e s  o f  Ao. T l ie  pu re  f o rwa rd  

t r a n s f o r m a t i o ~ x  a r e  t h e  i r t d i r e c t  dcL i vc - r i e s  o f  j t o  o t t i r r  i n t l u s t r i e s  o r  

( 1 5 ) .  Arir-tLogousLy, t t ie  

as L he nuniber o f  t i mes 

i v e r r d  o r  any i n d u s t r y  

p r i o r  t o  r each ing  j. 

I t  i s  use fuL  t o  i L L u s t r a t e  these  concepts  by means o f  an exampl i .  Consider  

f i g u r e  1. uhere t h e  s i m p l i f i e d  s t i t u a t i o n  i s  shoun i n  u h i c h  t h e r e  a re  j u s t  

D D O 
i - j - k - consuinpt i o n  

F i g u r e  1. Pure  t h r e e - i n d u s t r y  f i l i è r e ,  vaLue added c r e a t e d  onLy i n  t e  f i r s t  

i n d u s t  ry .  

t h r e e  i n d u s t r i e s  i, j and k, u i t h  i d e l i v e r i n g  t o  j only, j t" k o n l y  and k t o  

consumpt ion onLy. T h i s  s i t u a t i o n  i s  commonly r e f e r e d  t o  as a  pu re  'li L i e r e ' .  

I n  f i g u r e  1. t he  s i t u a t i o n  i s  s i m p l i f i e d  f u r t h e r  t y  dssumirbg t h a t  j u s t  i n d u s t r y  

i crea tes  v a l u e  added and has no o t h e r  inpu ts ;  t h i s  i s  i nd i ca t c t d  by  he 

r e c t a n g l e s  above t h e  a r rous .  I n  t h i s  case t h e  d e l i v e r y  froni  i t o  j i s  i ' s  "own 

t r a n s f o r m a t i o n "  and those  f rom j t o  k and k t o  consuit ipt ion a re  i t s  f o r u j r d  

t r ans fo r i na t i ons .  S im i la rLy ,  t h e  d e l i v e r i e s  f rom i t o  j and j. t o  k are t h e  

backuard  t r a n s f o r m a t i o n s  o f  k. For  a l 1  t h r e e  i n d u s t r i e s ,  t h e  Length o t  t h e  

p r o d u c t i o n  c h a i n  i s  t h e  Same, v.z. t t i r e e  t r ans fo rma t i ons .  

I n  f i g u r e  2 .  t h e  s i t u a t i o n  d i f f e r s  f rom t h a t  i n  f i g u r e  1. i n  orie respec t  

onLy: a l 1  n d u s t r i e s  nou c r e a t e  v a l u e  added, i n  equaL arnounts. Fsr  i n d u s t r y  i 

t h e  s i t u a t i o n  remains t t ~ e  same as i n  f i g u r e  1.: a p a r t  f to in  i t s  ouii 

t r a n s f o r m a t i o n  i t s  o u t p u t  goes t h rough  t u o  f o r u a r d  t r a n ~ f o r n ~ a t i a n s ,  y i e L d i n g  a 

t o t a l  Lenght o f  t h e  p r o d u c t i o n  c h a i n  o f  th ree .  Houever, t o r  k t h e  s i t u a t i o n  



d i f f e r s .  There a r e  t uo  c o n t r i b u t i o n s  t o  k ' s  ou tpu t :  k ' s  i n p u t s  f rom j aqd k ' s  

oun c o n t r i b u t i o n  t 0  vaLue added. A p a r t  o f  k ' s  i n p u t s  from j has been c rea ted  

i n  i aqd has undergone one a d d i t i o n a l  t r ans fo rma t i on ,  y i e l d i n g  tuo  backuard 

t r a n s  fo rmat  ions, u h i  l e  t h e  o t  h e r  p a r t  har  undergone one bàckuard t r a n s f o r n ~ a t  ion.  

O O 0  O U 0  i - j ----c k - consumpt i o n  

F i g u r e  2. Pure  t h r e e - i n d u s t r y  f i  Liere, a l  L i n d u s t r i e s  c r e a t e  equaL amounts o f  

vaLue added. 

The own c o n t r i b u t i o n  o f  k goes th roug i i  i t s  oun t r a n s f o r m a t i o q  on ty .  Ttius we 

f i n d  

backuard t r a n s f o r m a t i o n  f o r  k ' s  ou tpu t .  Thus t h e  t o t a L  Length o f  t h e  p r o d u c t i o n  

c h a i n  f o r  k ' s  ou tpu t  equa ls  2 t r ans fo rma t i ons ,  i.e. o?e backuard and one oun 

t r ans fo rma t i on ,  uhereas t h i s  uas 2 backuard and one oun t r a n s f o r m a t i o n  i n  case 

o f  f i g u r e  1. 

The d i f f e r e n c e  be tueen  f i g u r e s  1 and 2 u i t h  respec t  t o  t h e  l e ~ g t h  of k ' s  

p r o d u c t i o n  cha in  shous t h a t  i t  depends on t h e  compos i t i on  o f  k ' s  t o t a l  i n p u t s .  

An i n d u s t r y ' s  ' t o t a l  i n p u t s '  c o n s i s t  o f  a  bundLe o f  p h y s i c a l  goods and 

serv ices,  .each o f  u h i c h  have a d i f f e r e n t  o r i g i n .  To de te rmine  t h e  number o f  

s teps  t h rough  u h i c h  t h e  ' t o t a l  i q p u t s '  have gone, one has t o  d e f i n e  a u e i g h t i n g  

schee f o r  t h e  componeqts o f  t h e  p h y s i c a l  bund le  f i r s t .  I n  f i g u r e  2 these 

we igh ts  uere  va l ue  added. Instead,  one migh t  a l s o  cons i de r  employment as a  

ya rds t i c k ,  r e p l a c i n g  t l i e  squares i n  f i g u r e  2 by t h e  amounts o f  employment added 

by each i n d u s t r y .  I n  g e n e r a l  t h i s  genera tes  d i f f e r e n t  c h a i n  l eng ths .  

8 0 t h  f o r u a r d  and backuard  t r a n s f o r m a t i o n  may be g i v e n  a " p h y s i c a l "  

i n t e r p r e t a t i o n  i f  a  number o f  s i m p l i f y i n g  assumptions a r e  made. As was made 

cLear  above, t hey  a r e  desc ibed  i n  terms o f  d e l i v e r i e s  be tueen  i n d u s t r i e s ,  b u t  

t h e  r a t i o n a l e  f o r  t h e i r  d e f i n i t i o n s  l i e s  i n  t h e  p h y s i c a l  i n t e r p r e t a t i o n s .  I n  

t h e  fo rward  case, suppose t h a t  each i n d u s t r y  produces j u s t  one homogeneous 

p roduc t .  Then t h e  number o f  f o r u a r d  t r a n s f o r m a t i o n s  f ram i t o  consumption i S 

simpLy t h e  number o f  t imes  i ' s  p r o d u c t s  are, on t h e  average, i n c o r p o r a t e d  i n  

o t h e r  p roduc t s  b e f o r e  t hey  a r e  consumed. Analogously,  suppose i n  t h e  backuard 

case t h a t  t h e r e  i s  onLy one homogeneous p r ima ry  input ,  dubhed p h y s i c a l  va l ue  



added f o r  convenience. Then t h e  t o t a l  number o f  backuard t r a n s f  ormat i o n s  o f  

i n d u s t r y  j i s  t h e  number o f  t imes  t h a t  t h e  average u n i t  o f  p h y s i c a l  va l ue  added 

coq ta i ned  i n  i t s  i n p u t  has been i n c o r p o r a t e d  i~ t h e  p roduc t s  of p reced ing  

i n d u s t r i e s  i n  t h e  p roduc t  i o n  chain, i n c l u d i n g  i t s  o r i g i n a l  c r e a t i o n .  The 

i n d u s t r y  ' s  own t r a n s f o r m a t  i o n  can, combin ing these  t u o  cases, be i n t e r p r e t e d  as 

t h e  p h y s i c a l  t r a n s f o r m a t i o n  o f  i n p u t s  i n t o  t h e  i q d u s t r y ' s  oun p roduc t .  

I n  t h e  f o r u a r d  case, t h e  above i n t e r p r e t a t i o n  may be though t  t o  h o l d  t r u e  if 

t h e  i npu t - ou tpu t  t a b l e  i s  so d i sagg rega ted  t h a t  each i n d u s t r y  i s  d e f i n e d  as 

p roduc ing  j u s t  one p roduc t .  I n  t h e  backuard case t h e  i n t e r p r e t a t i o n  i s  p u r e l y  

hypo the t i ca l ,  s i n c e  i n  r e a l i t y  t h e  case o f  one homogeneous p r i rna ry  i n p u t  does 

n o t  occur .  Instead,  houever, one may repLace t h e  p u r e l y  p h y s i c a l  i n t e r p r e t a t  i o n  

o f  backuard t r a n s f o r m a t i o n  by t h a t  o f  t h e  number o f  t imes a  monetary u n i t  o f  

vaLue added i s  i n c o r p o r a t e d  i n  p r o d u c t s  p r i o r  t o  r each ing  a  p a r t i c u l ä r  

i n d u s t r y .  That  a  moqetary u n i t  o f  v a l u e  added c rea ted  i n  d i f f e r e n t  i q d u s t r i e s ,  

o r  i n  a  s i ngLe  i n d u s t r y  f o r  d i f f e r e n t  purposes, has a  d i f f e r e n t  p h y s i c a l  

c o u n t e r p a r t  does no t  reaL Ly ma t t e r .  

5 .  O r d e r i n g  o f  i n d u s t r i e s  

I n  s e c t i o n  4 ue def i n e d  t h e  number o f  backuard t r a n s f o r m a t i o n s  be tveen  the, 

i n d u s t r i e s  i and j i n  t h e  d i r e c t i o n  o f  t h e  f l o u s  frorn i t o  j, as t h e  number of 

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

success ive  p r o d u c t i o n  steps, uqtiL r e a c h i n g  j. NaturaLly ,  t h i s  number i s  aLso 

t h e  number o f  t imes  one u n i t  o f  o u t p u t  o f  i i s  d e l i v e r e d  t o  those  i n d u s t r i e s  

u n t i L  r each ing  j. Consequently, t h e  b i l a t e r a l  number o f  backuard 

t rans fo rma t i ons  betueen i and j equaLs t h e  number o f  f o r u a r d  t r ans fo rma t  i ons  

from i t o  j p l u s  one, v i z .  i ' s  owq t r ans fo rma t i on .  Th i s  number i s  found  i n  

m a t r i x  Hf .  

The d i s c u s s i o n  o f  f i g u r e  2. i n  s e c t i o n  4 demonstrated that,  i n  o rde r  t o  

o b t a i n  t h e  t o t a l  number o f  backuard  t r a n s f o r m a t i o n s  o f  k, t h e  b i l a t e r a l  numbers 

have t o  be weighted; i n  t h e  case o f  f i g u r e  2 t h i s  uas done u i t h  t h e  va l ue  

added, G e n e r a l i z i n g  t h i s  way o f  w e i g h t i n g  we have t o  knou t h e  f lous  o f  

cumulated vaLue added f rom each i n d u s t r y  t o  each o t h e r  i n d u s t r y .  The m a t r i x  of  

cumuLated vaLue added c o e f f  i c i e n t s  i s  g i v e n  by 



- 
A = i I - z i -  - 1 :  

The sum o f  t h e  e lements o f  a  column o f  Ai equals  t h a t  o t  A v :  

- 
i '  = i' A V  

Thus t h e  elements o f  ror i  i o f  t h e  m a t r i x  z,, r ep r csen t  t h e  va l ue  aJded each 

i n d u s t r y  has t o  c r e a t e  i n  o r d e r  t o  enab le  t h e  p r o d u c t i o n  o f  one u n i t  o f  ou tpu t  

o f  t h e  i n d u s t r y  co r respond ing  u i t h  colunin j. t hese a re  p r e c i s é l y  t t ie  " f l o u s "  

u i t h  which t h e  nuinbers o f  b i l a t e r a l  t r a n s f o r m a t i o n s  have t o  be we igh ted  

- ana logous ly  t o  our  d i s c u s s i o n  o f  f i g u r e  2 - i n  o rde r  t o  a r r i v e  a t  t he  t o t a l  

number o f  backuard t r a n s f o r m a t i o n s  o f  eacli i n d u s t r y .  A p r t l i m i n a r y  s t ep  thus  i s  

t o  m u l t i p i y  each element o f  A v  w i  t h  t h e  co r respond ing  element o f  f i f :  

The o p e r a t o r  8 i s  d e f i n e d  such t h a t  f o r  any t h r e e  m x n  - m a t r i c e s  Q, R 

and S hoLds 

For  convenience, t l i e  Lef t -hand si.de o f  ( 2 i )  i s  u r i t t e n  ana logous ly  t o  if; 

however, u n l i k e  tif, t h e  numbers o f  b i l a t e r a l  f o r u a r d  t r ans fo rma t i ons ,  fib i s  

n o t  t h e  m a t r i x  o f  b i l a t e r a l  backuard  t r a n s f o r m a t i o n s .  Instead,  Mb i s  a  m a t r i x  

u i t h  r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  numbers o f  backuard t r a n s f o r m a t  ions.' From 

i t ,  t h e  t o t a l  l e n g t h  o f  t h e  backuard  p r o d u c t i o n  cha ins  i s  e a s i l y  ob ta i ned  by 

add ing  t h e  ceLLs p e r  colurnn 

Element j o f  hb nou g i v e s  i n d u s t r y  j ' s  t o t a l  numbrr o f  backuard 

t r ans fo rma t i ons .  The t o t a l  number o f  f o r u a r d  t r ans fo r r na t i ons  o f  j i s  the 

" b i  L a t e r a l "  number o f  f o rwa rd  t r a n s f o r m a t i o n s  f rom j t o  consuinpt ion .  Th i s  i s 

t h e  l a s t  column o f  t h e  t r a n s f o r m a t i o n  m a t r i x  H f .  I t  can bé s e l e c t e d  by means 

o f  a  u n i t  v e c t o r  u w i t h  e lements u ( i )  



u ( i )  = o ,  (i < n ) ;  u (n)  = l ( 2 4 )  

Consequent Ly, t h e  t o t a l  number o f  f o r u a r d  t r ans fo rma t  i ons  o f  i n d u s t  r y  j i s  

g i v e n  by element j o f  

O f  course i t  i s  a l s o  p o s s i b l e  t o  Look a t  bo th  bench-ma 

Adding b o t h  v e c t o r s  ue o b t a i n  a  v e c t o r  u h i c h  m iyh t  be c a l  

p roduc t  i o n  p a t h  

We nou look  a t  t h e  r e l a t i v e  p o s i t i o n  q on t h i s  p a t h  

r,ks ~ i r n u l t a n e o u s l y .  

l e d  t he  t o t a l  

I n  t h i s  uay we have a c q u i r e d  a  neu o r d e r i n g  (add ing  0.5 i t o  hb dors 

j u s t i c e  t o  t h e  f a c t  t h a t  t h e  r e L a t i v e  p o s i t i o n  o f  an i n d u s t r y  i s  d e f i n e d  a t  

h a l f  uay i t s  "oun" t r a n s f o r m a t i o n ) .  UhiLe f o r  t r i o n y u l a r i z a t i o n  i n  p r i n c i p l e  

onLy one k i n d  o f  o r d r r i n g  ex i s t s ,  ue a r e  here  c o n f r o n t e d  u i t h  t h r e e  

p o s s i b i  L i t i e s .  Eacli o f  them has i ' t s  oun mer i  t s  and ue cannot conc iude t h a t  

t h e r e  i s  a  "bes t "  o r d e r i n g .  I f  we uan t  t o  c h a r a c t ? r i z e  i n d u s t r i e s ,  i t  shou ld  be 

based ori a t  l e a s t  b o t h  backuard  arid f o r u a r d  t r ans fo rma t i ons .  

6. C h a r a c t e r i z i n a  a  baske t  o f  noads and s r r v i c e s  

U n t i L  nou we have c h a r a c t e r i z e d  i n d u s t r i e s  by means o f  t h e i r  numlers  df 

t r a n s f o r m a t i o n s .  But  ue c o u l d  a l s o  have s a i d  t h a t  i n  t h i s  uay ue have 

c h a r a c t e r i z e d  t h e  gouds and s e r v i c e s  o f  an i n d u s t r y .  Obv ious l y  we can extend 

t h i s  t o  a  basket  of goods a t  se rv ies ,  e.g. imports,  e x p o r t s  and consurnption. 

O f  course ue uouLd t i k e  t o  compare t h e  v a r i o u s  baskets .  For bdckuard  

t r a n s f o r m a t i o n s  ue had chosen t o  we igh t  t h e  p rodus t s  w i t h  t h e i r  va lue .  

For  t h e  baske t s  ue u i l 1  do t h e  Same. 

Ue i n t r o d u c e  t h e  f o l l o w i n g  s c a l a r s  

S: = z i  hb / Z #  i 

- 
S $  = z '  ( h f  - i ) /  z '  i 



uhere  z i s  a  v e c t o r  c o n t a i n i n g  v a r i o u s  p roduc t s  ( i n  va l ue ) .  For z we cou ld  sub- 

s t i t u t e  m, x  o r  c  ( impor ts ,  e x p o r t s  o r  consumption, r e s p e c t i v e l y ) .  The 

s u b s t r a c t i o n  by i i n  (28) i s  needed because $ s t i l t  con ta i ns  t h e  

t rans fo rmat  i o n  o f  t h e  i n d u s t  r y  u h i  ch produced t h e  goods. 

Ue nou d e f i n e  t h e  t o t a l  c h a i n  Length and t he  share o f  t h e  backward cha in  

r e s p e c t i v e l y :  

W i t h  t h e  h e l p  of these f o u r  s c a l a r s  we can determine t h e  number of 

t r a n s f o r m a t i o n s  u h i c h  uere  o r  a re  expec ted  t o  be c a r r i e d  ou t  on a  p roduc t .  

App l y i ng  t h i s  t o  i m p o r t s  and e x p o r t s  shou ld  be especiaLLy reuard ing .  I t  i s  

poss ibLe  t o  develop a  measure f o r  t h e  share o f  r a u  mate r iaLs  i n  a  c o u n t r y ' s  

t r a d e  o r  f o r  t h e  e x t e n t  t o  u h i c h  i t  t r ades  consumer durabtes.  For rau  mate r iaLs  

t h e  share o f  t h e  backuard  c h a i n  i s  Lou, f o r  du rab les  h igh .  Houever, one shouLd 

be very  c a r e f u l  i n  i n t e r p r e t i n g  t hese  f i g u r e s :  Investment  goods have a  

r e L a t i v e L y  Lou share o f  t h e  backuard  chain, because t hey  undergo f o r u a r d  

' t r a n s f o r m a t i o n s '  as t hey  a re  used. The d i f f e r e n t e  u i t h  r au  m a t e r i a l s ,  t h a t  

a l s o  go th rough  many f o r u a r d  t r ans fo rma t i ons ,  becomes c l e a r  i f  one Looks a t  t h e  

nuniber o f  backuard t r a r i s f o r m a t i o n s  i n s t e a d  o f  t h e  share o f  t h i s  rwmber i n  t h e  

t o t a L  chain. 

For  t h e  a n a l y s i s  of  a  baske t  t h e  c h a r a c t e r i z a t i o n  o f  t h e  consumption shou ld  

be taken  as a  bench-mark. Th i s  i s  e s p e c i a l l y  impo r t an t  uhen we uant  f o r u a r d  

t rans fo rmat ions ,  s i n c e  consumpt ion i s  cons idered  t o  be t he  end o f  t he  

p r o d u c t i o n  chain. A d m i t t e d l y  t h i s  does n o t  hoLd t r u e  f o r  every  basket  t h a t  has 

t h e  Same compos i t i on  as t h e  consumpt ion basket .  I t  m igh t  be conce ivab le  t h a t  

p a r t  o f  t h e  con ten t s  of such baske t  w i L L  be sh ipped  t o  consumption, p a r t  of i t  

t o  o t h e r  i n d u s t r i e s .  T h a t ' s  uhy ue f i n d  

T h e r e f o r e  ue can onLy a t t r i b u t e  a meaning t o  t h e  d i t  f e rencc  S; - S; 



7. T rans fo rmat ions  u e i g h t e d  u i t h  t h e  ne t  va lue  added 

When we c a l c u l a t e d  t i ie  numbcrs o f  t rans fo r i r i a t ions  i n  ( 1 5 )  ue a s s i g n r d  t o  every 

t r a n s f o r m a t  i o n  t h e  Same u e i g h t .  I n t u i  t i u r l y  ue r o u l d  uant t o  d i s t i n y i i i s h  

be tueen  i n d u s t r i e s  t h a t  do n o t  d r a s t i c ä L L y  cllange t h e i r  i n p u t s  and those t h a t  

do. Fur thern iore t h e r e  a r e  i n d u s t  r i  es whi cti e xecu t r  more t han  one t rans  format  i o n  

uhere  t he  ( o u t s i d e r )  s t a t i s t i c i a n  i s  no t  abLe t 0  r e g i s t e r  thern  last furnaces 

a r e  a  n o t o r i o u s  exampLe, sme l t ing ,  n i e l t i n g  and r o l l i n g ,  and uhere t o  draw t t le  

l i n e ? ) .  I n  these cases t h e  onLy soL i i t i on  seems t o  a s s i y r i d i f f c - r e n r  u e i g h t s  t o  

d i f f e r e n t  co i i ib inat ions 01 t r a n s f o r m a t i o n s .  

The impor tancc  o f  t t i e  c o n t r i b u t i o n  t o  ou tpu t  by t he  v a r i o u s  i n d u s t r i e s  can 

bes t  be rueasured by t h e i r  v a l u e  added. So (15)  can be t ransfor i r ted t o  ( 3 Z . a )  

which denoris t r a t e s  IIOU tbr v a l u c  dcl&?d, fo rned  i n  p a r r  i cii L,lr i n J t ~ s 1  r y  i s  

d i s t r i b u t e d  arnong v a r i o u s  d e s t i n a t i o n s ;  (32.b) shous t l i e  va l ue  added t o  a  u n i t  

o f  ou tpu t  a f t e r  t t i e  f i r s t  round o f  d i s t r i h u t i o r r s  and t h e  uay ti.it n e u l y  formed 

va l ue  added has been d i s t  r i  b u t e d  among those  des t  i n a t  ions.  The t h i  r d  round  

,(3L.c) i s  a  r e p e t i t i o n  o f  t h e  second one u i t h  t he  unde rs tand ing  t h a t  t h e  u n i t  

of  ou tpu t  nou has been d i s t r i b u t e d  f o r  t h r  t h i r d  t ime. Ue a re  a l t owed  t o  

r ea r range  t h e  i n f i n i t e  s e r i e s  as 

Look i ng  a t  ( 1 5 )  i t  i s  easy t o  see t h e  ónalogy. Another  uay t o  r ep resen t  t h e  

s e r i e s  expansion i s  



S u b s t i t u t i n g  t h e  t i i agona l  matr i x  o f  ~ ~ L u e  added u i t h  the  i d e n t i t y  m a t r i x  i n  

( 3 4 )  we can e a s i l y  work our  uay bdck t o  ( 1 5 ) .  The n i a t r i x  v  rtou weigh:s t h e  

v a r i o u s  t r ans fo rma t i ons ,  u h i  l e  the  i d e n t i  t y  m a t r i x  ass igned t h e  Same u e i g h t  t o  

every  t r a n s  format  ion .  

The nex t  s tep  i s  t o  norm the  t r a n s f o r m a t i o n s  f o r  t h e  cumu la t rd  ou tpu t  

AnaLogous t o  ( 2 5 )  we o b t a i n  t l i e  vec to r  u i t h  t h e  w i g t i t e i l  n t~ i~ i Lë r s  of fo rward  

t rans fo rma t i ons  

Ue nou want t o  knou t h e  vaLue added t t ta t  was formed L r f o r e  a  c e r t a i r i  

t r a n s f o r m a t i o n .  Th i s  vaLur i s  equa l  t o  t h e  sum of aLL i npu t s .  So t h e  v e c t o r  of  

t h e  u e i g h t e d  backuard  t r a n s f o r m a t i o n s  can be r+ resen ted  by 

The t o t a l  Length is, analogous t o  (i&) i o u n d  by 

The r e i a t i v e  p o s i t i o n  i n  t h e  p r o d u c t i u n  cha i r i  i s  g i v e n  by  

Here t h e  i n d i v i d u a l  c o n t r i b u t i o ~  o f  an i n d u s t r y  t o  the vóLue added i s  equaL 

t o  i t s  vaLue added c o e f f i c i e n t .  E n t i r e l y  analogous t o  cll. ó ue  d e f i n e  t h e  

s c a l a r s  S;,' , , s f p V  and S'," f o r  a  basket  z. 
q 

8. Norming o f  t h e  unue igh ted  t r a n s f o r m a t i o n s  

l 

A compar ison be tueeq  t h e  Lengths o f  t h e  u e i g h t e d  and unue igh ted  i s  no t  

immed ia te ly  poss ib le ,  because b o t h  a r e  measured i n  d i f f e r e n t  u n i t s .  I n  t h e  

u e i g h t e d  case t h e  u r i i t  o f  measureinent i s  such t h a t  t h e  surn o f  t t ie  backuard 

t r a n s f o r m a t i o n s  and of t h e  oun t r a n s f o r m a t i o n s  i s  one; i n  con t ras t ,  i q  t h e  



unue igh ted  case t h e  u n i t  o f  measurement i s  such t h a t  t h e  number o f  t h e  oun 

t r a n s f o r m a t  i o n  i s  one, Consequent ly, t o  o b t a i n  cornparable concepts, e i  t h e r  t h e  

u e i g h t e d  cha ins  u i l 1  have t o  be ad justed,  o r  t h e  u w e i g h t e d  ones. I n  t h e  former  

case, 

va l u e  

t r a n s  

nega t 

I n  

i n d i v  

t h e  i n d i v i d u a l  c o ~ t r i b u t i o n s  o f  i n d u s t r i e s  u i l 1  have t o  be d i v i & d  by the 

added c o e f f i c i e n t s  i n  o r d e r  t o  s t anda rd i ze  t h e  number o f  (ue igh ted)  oun 

o rn ia t ions  a t  one. Dut t h e  vaLue added c o e f f i c i e r i t s  can be very  small, 

ve o r  zero. T h e r e f o r e  i t  i s  p r e f e r a b l e  t o  norm t h e  unue igh ted  chains. 

t h e  we igh ted  case t h e  sum o f  t h e  backuard 

duaL c o n t r i b u t i o n  adds up t o  one ( c f .  (37 

t r a ~ s f o r m a t i o n s  and t h e  

) ) .  

Ue can a d j u s t  t h e  unue i yh ted  p r o d u c t i o n  chains i n  t h e  sami uay 

h E + á = i  

uhere  

T h i s  i m p l i e s  

Thus h; i nd i ca tes ,  i n  case of element j, k h i c h  p a r t  o f  tllr unue igh t5d  

p r o d u c t i o n  c t i a i n  up t o  and i ncLud ing  t h e  p r o d u c t i o n  o f  j ' s  p r o d u c t s  occurs 

b e f o r e  i n d u s t r y  j. S i m i  l a r L y  ue have 

We non cao compare these  "normed" unue igh ted  p r o d u c t i o n  cha ins  u i t h  t h e  

u e i g h t e d  chains.  



9. T rans fo rmat ions  u e i y h t e d  u i t h  empLoyment 

We u i  L L  nou pay s p e c i a l  a t t e n t i o n  t o  t h e  u e i y h t i n g  u i t h  employment because 

i t  e x e m p l i f i e s  a  more g e n e r a l  way o f  u e i g h t i n g .  I n  general, t h e  vaLue addrd  

c o e f f  i c i e n t s ,  u h i c h  ue re  used f o r  weight ing,  have some unp leasan t  p r o p e r t  ies .  

They can f L u c t u a t e  sharpLy i n  time, t hey  can become n e g a t i v e  and i n  gene ra l  

shou Ld be cons i d e r e d  as anunreL i  ab Le s tandard.  

We can s a f e t y  assume t h a t  uhen we u e i g h t  u i t h  employment t he  c o e f f i c i e n t s  

u i L L  change much more graduaLLy i n  t ime. Fur thermore they u i L L  aLuays be 

p o & i t i v e  and seLdom u i  L L  be c l o s e  t o  zero. ALso t h e  c o e f f i c i e n t s  u i LL  be o f  

much more i n t e r e s t  t o  po l icy-makers.  

I n  u e i y h t i n g  u i t h  empLoyment we Look - f o r  an i n d u s t r y  - a t  t h e  amount of 

employment needed t o  produce a c e r t a i n  q u a n t i t y  o f  goods t h a t  u i L L  c o n t a i n  

one u n i t  of cumulated employment. Ue caLL t h i s  r e l a t i v e  q u a n t i t y  o f  employ- 

ment t h e  "added empLoymentW c o e f f  i e n t s .  The cumulated coef f i c i e n t s  a r e  

r ep resen t  ed by 

- 
L ( I  - 

AnaLogous t o  t h e  uay ue ca Lcu Lated t h e  va Lue added coef f i c i  en nd t h e  

added .employment coe f  f i c i e n t s  t o  be t h e  r a t i o  o f  empLoyment c o e f f  i c i e n t s  and 

cumuLated emp Loynient coef  f i c  i en ts  

We can nou s u b s t i u t e  Ü f o r  z i n  ( 3 4 )  t o  o b t a i n  t h e  u r i g h t e d  erriployment 

m a t r i x  

The normed m a t r i x  u i  l L become 

Here aga in  i n  t h e  Last  coLumn o f  R: t h e  v e c t o r  o f  t i i e  ( f o r  ern~ioymenr)  

u e i  gh ted  f o rwa rd  t rans  fo rmat  i ons can be f ound. 



I n  a  s i m i i a r  uay t o  t he  d e r i v a t i o n s  i n  ch. 8 we o b t a i n  t h e  v r c t o r s  

The v e c t o r  L; i n d i c a t e s  t h e  emplojment q u a n t i t y  u h i c h  uar  ~ a r r i e d  ou t  
- L  b e f o r e  a  c e r t a i n  ( u n i t )  q u a n t i t y  uas used up by an i n d u s t y  i t s e t f ;  h f  

d i s p l a i s  t he  q u a n t i t y  used i n  f u t u r e  ( i n c l u d i n g  t l i a t  o f  t l i e  i n t i u s t r y  i f s e L f )  

and u h i c h  can be imputed t o  t ha t '  i n d u s t r y .  The v e c t o r  h: i s  a  rneasure f o r  

t h e t o t a l  p r o d u c t i o n  c h a i n  ( u e i g h t e d  u i t h  empLoyrnent) whiLe q L  f ep resen t s  

t h e r e l a t i v e  p o s i t  i o n  of t h a t  i n d u s t r y  i n  t he  p roduc t  i o n  cha 

10. The a d j u s t e d  Dutch 10-tabLe 

The t heo ry  ue have developed he re  has been a p p l i e d  t o  a  Dut 

n. 

h 10 - t ab l e  f o r  t he  

yea r  7972 u h i c h  has e s p e c i a l l y  been c o n s t r u c t e d  f o r  s t u d i e s .  The c l a s s i f i c a t i o n  

used f o r  t h i s  t a b l e  r a t h e r  d i f f e r s  f rom t h e  s t anda rd  c l a s s i f i c a t i o ~ .  To meet 

t h e  qeed f o r  homogeneity a  t a b l e  u i t h  ve r y  l a r g e  d imensions (317 x 377) was 

compi led, u h i  ch incLuded rous  and coLumns f o r  t h e  qon-competi t i v e  impo r t  s  (22)  

a ~ d  t h e  pseudo - i ndus t r i e s  ( 2 8 ) .  The impo r t s  concerned uere  mainLy t r o p i c a L  

a g r i  cuL tu raL  products ,  f o r e s t r y  p r o d u c t s  and n i ine ra ls .  I n  t h e  coLumns t h e  i n p u t  

s t r u c t u r e s  uere  recorded, d e r i v e d  f rom 10- tab les  o f  t h e  c o u n t r i e s  o f  o r i y i n ;  

t h e  rous c o n t a i n  t h e  c.i.f.-vaLue o f  t h e  i inpor ts .  To eL im ina te  t h e  d isc repancy  

betueen these  va lues  and t h e  va lues  i n  p roduce rs '  p r i c e s  i n  t h e  coLufnns, - 
es t ima tes  uere  made o f  t h e  t r a n s p o r t  c o s t s  up t o  t h e  Dutch border ;  these  uere  

added t o  t h e  i ~ p u t  s t r u c t u r e s .  

For  t h e  uhoLesaLe t r a d e  i n d u s t r y  t r a n s p o r t  cos t s  can t a k e  up a  Large p a r t  of 

t h e  i npu t s .  For t h e  sake o f  homogeneity f o u r  neu i n d u s t r i e s  uere  created.  From 

t h e  i n p u t  s t r u c t u r e  o f  t h e  u h o l e s a l e  t r a d e  t h e  t r a n s p o r t  cos t s  were made 

e x p l i c i t  and - depending on t h e  t ype  o f  t r a n s p o r t  - brough t  over  t o  one of t h e  

f o u r  columns. A s i m u l a r  o p e r a t i o n  uas c a r r i e d  ou t  f o r  t h e  rous. 

11. The r e s u l t s :  t h e  t r a n s f o r m a t i o n s  m a t r i x  

Even though a l L  c a l c u L a t i o n s  u e r e  c a r r i e d  ou t  u i t h  t h e  h e l p  o f  t h q 3 1 7  x 317 

t a b t e  we t h e  r e s u l t s  on an aggrega ted  Level  o f  179 i ~ d u s t r i e s .  CaLcuLat ing on 



such a  d i sagg rega ted  l e v e l  e l i m i n a t e s  a  Lot o f  d iagona t  etements and, 

consequent Ly, c o n s i d e r a b l y  reduces t h e  proLLem o f  c i  r c u L a r i  t y .  Th i s  vast  [ y  

improves t h e  r e s u l t s .  

I n  t a b l e  1. ue p resen t  a  s e l e c t i o n  from t h e  t r a n s f o r m a t i o n s  m a t r i x  based on 

e q u a t i o n  (16). t iere t h e  d i s t a n c e s  betueen t h e  va r i ous  i n d u s t r i e s  a r e  shoun. The 

seLect i o n  has been made i n  such uay that ,  bes ides  a  few exemplary p roduc t  i o n  

chains, onLy ve r y  Long ar$ ve ry  s h o r t  d i s t ances  a r e  shown. 

U h e ~ e v e r  ue come ac ross  Loog d i s t a n c e s  t h i s  means t h a t  t h e  i n d u s t r i e s  

invoLved  have n o t h i n g  o r  n e x t  t o  n o t h i n g  t o  do u i t h  each o the r .  ExampLes a r e  

t h e  "o the r  u e a r i n g  appa re l "  i n d u s t r y  o r  t h e  non- fe r rous  me ta l  o r e  p i t s  u i t h  t h e  

"o the r  s l a u g h t e r i n g "  i n d u s t r y .  Here more t han  8 s teps  a re  needed, more t han  t h e  

s t eps  nreded f o r  any o f  these  i n d u s t r i e s  t o  reach t t i e  consumer. 

The s h o r t e s t  d i s t a n c e  i s  t h e  one be tueen  t h e  non -compe t i t i ve  impo r t s  o f  

tobacco  Leaves and t h e  tobacco-p rocess ing  i n d u s t r y .  Here t h e  cumu Lated o u t p u t  

o f  t h e  impo r t s  t akes  s L i g h t l y  more t h a n  one . s t ep  t o  reach t h e  p rocess i ng  

i n d u s t r y .  That i t  i s  " s L i g h t L y  more" t h a n  one s tep  can be a t t r i b u t e d  t o  t h e  

cumuLated i ' npu t  o f  b o t h  i n d u s t r i e s  f rom t h e  p r o c e s s i n g  i n d u s t  r y .  

I n  genera1 s h o r t  d i s t a n c e s  i n d i c a t e  smal l i n d i  r e c t  d e l i v e r i e s .  UsuaL Ly 

i n d u s t r i e s  a r e  i n v o l v e d  u h i c h  a r e  h i g h l y  in te rdependent ,  L i ke  p o u l t r y  f a rm ing  

and pou L t  r y  s l augh te r i ng ,  sand p i t s  and ready-mixed conc re te  i ndus t r y ,  e tc .  

But  t hey  do n o t  aLways need t o  be i n t e rdependen t :  t h e  d i s t a n c e  f rom p o u l t r y  

s l a u g h t e r i n g  t o  h e a l t h  and med i ca l  s e r v i c e s  i s  a l s 0  - unders tandab ly  - sho r t .  

I n  t h e  case o f  l a r g e  d i a g o n a l  elements t h e  d i s t a n c e  o f  an i n d u s t r y  t o  i t s e L f  

can be very  shor t ;  t h i s  o f t e n  i n d i c a t e s  a  h i g h  degree o f  he te rogene i t y ,  e.g. 

perfume and cosmet ics  i n d u s t r i e s .  Tab le  2 p r o v i d e s  an example o f  a  se t  o f  

i n d u s t r i e s  uherc  s h o r t  d i s t a n c e s  between consecu t i ve  i n d u s t r i e s  i n  a  p roduc t  i o n  

c h a i n  Lead t o  Long d i s t a n c e s  be tueen  i o d u s t r i e s  a t  t h e  b e g i n n i n g  and t h e  end of 

t h e  chain. T h i s  shows t h a t  Long d i s t a n c e s  be tueen  t r o  i n d u s t r i e s  do no t  aLways 

i n d i  ca te  i ndependence. 

I? yenera t  most i n d u s t r i e s  a r e  q u i t e  independent  o f  each o the r .  S ince i n  t h e  

t r a n s f o r m a t i o n s  m a t r i x  t h e  extremes dominate one migh t  cons i de r  t o  use t h i s  as a  

measure f o r  t h e  degree o f  independency be tueen  i n d u s t r i e s .  Houever t h i s  u o n ' t  

a l uays  do. There a r e  excep t ions ;  one c o n d i t i o n  i s  t h a t  t h e  p r o d u c t i o n  p a t h  u i L L  

pass th rough  a number o f  i n d u s t r i e s .  An exampLé i s  g i v e n  i n  t a b l e  2 .  
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Tab le  2. A subset o f  i n d u s t r i e s  i n  an exemplary p r o d u c t i o n  path. 

exac t  wmbe r  o f  s t eps  rounded riumber o f  s teps  

l cassave 1.173 2.223 

2 an ima l  

s t ock  feeds 1 .Z23 

3 p o u l t r y  

far r t i ing 

4 p o u l t r y  s l a u g h t e r i n g  

5 hote ls ,  r e s t a u r a n t s  

4 5 cons. 2 3 4 5 

3.246 4.447 4.334 1 2 3 4 

2.246 3.447 3.534 1 . 2  3 

1.068 2.211 1.690 1 2 

1.035 1.068 1 

1.278 

The rounded f i g u r e s  a r e  a  f i n e  example o f  hou a  " f i l i è r e "  (a sequence o f  

i n d u s t r i e s ,  uhere  one i n d u s t r y  J e l i v e r s  t h e  main p a r t  o f  i t s  p roduc t s  t o  t h e  

nex t  one u h i c h  i n  i t s  t u r n  d e l i v e r s  t h e  main p a r t  t o  ... etc . )  shouLd Look 

Like. I n  a  r e a l  economy ue u i l 1  a l uays  meet comp l i ca ted  p r o d u c t i o n  Loops, u h i c h  

i s  uhy t n e  d i s t a n c e s  a r e  never  i n t e g e r s .  P roduc t s  o f  pouL t r y  s l a u g h t e r i n y  a r e  

an example: t hey  can be s o l d  d i r e c t  Ly t o  t h e  consumer o r  reach him v i a  p o u L t r y  

s  Laugh te r i ng  and r es tau ran t s .  

I n  tabLe 3. ano the r  example o f  a  f i  l i è r e  i s  g iven.  I i e re  ue n o t i c e  s t eps  

TabLe 3. A subset  o f  i n d u s t r i e s  i n  an exemplary p roduc t  i o n  path.  

exact  number o f  s teps  rounded number o f  s teps  

2 3 4 cons. 2 3 4 

1 nood 

2 c e l l u l o s e  

3 paper  m i  L Ls 

4 paper  bags 
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t h a t  a r e  sma l l e r  t h a n  t h e  rounded f i g u r e s  i n  t h e  t a b l e .  Th i s  i s  due t o  t h e  

phenomenon o f  t h e  'by-pass'  uhere  p a r t  o f  an i n d u s t r i e s '  o u t p u t  u i LL  "jump" 

ove r  ano ther  i ndus t r y ,  u h i l e  t h e  r e s t  o f  t h e  ou tpu t  s t i l l  u i L L  f l o u  th rough  

t h a t  i n d u s t r y .  CLearLy, f o r  t h e  average d i s t a n c e  a  by-pass cao overcompensate 

p r e s e n t  p roduc t  i o n  Loops. 

R e t u r n i n g  t o  tabLe 1. we n o t i c e  t h a t  t h e  t r ans fo r r na t i ons  m a t r i x  i s  no t  

symmetr ic.  Jus t  Look a t  b o t h  tobacco  Leaves t o  tobacco-process ing i n d u s t r y  

(1 .OU11 and u e a r i n g  a p p a r e l  t o  o t h e r  sLaugh te r ing  (8.527): f o r  t h e  o t h e r  

uay around t h e  d i  s tances  a r e  3.922 and 3.652 respec t  i v e l y .  

F inaLLy ue d rau  a t t e n t i o n  t o  t h e  f a c t  t h a t  . the d i s t a r i ce  f rom an i n d u s t r y  t h a t  

produces n o t h i n g  b u t  c a p i t a l  goods t o  any o t h e r  i n d u s t r y  shou ld  be Longer t han  

2 by d e f i n i t i o n .  

12. ResuLts: p r o d u c t i o n  cha ins  and o r d e r i n q  

TabLe 4. g i ves  t h e  u n u e i g h t e d  numbers o f  t r ans fo r r na t i ons  by i n d u s t r y .  The f i r s t  

colurn?, d e r i v e d  f r om  eq. (231, g i v e s  t h e  Length o f  t h e  backuard c h a i ~ ;  t h e  

second one based on eq. ( 2 5 )  t h e  f o r u a r d  chain; t h e  t h i r d  one (based on eq. 

( 26 ) )  t h e  t o t a l  c h a i n  Length; and t h e  f o u r t h  coLumn column (based on eq. 

( d 7 j j .  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  i n d u s t r i e s  i n  t h e  chains.  The n e x t  f o u r  

columns i n d i c a t e  u h i c h  rank  each i n d u s t r y  has u i t h  r espec t  t o  t h e  v a r i a b l e s  of 

t h e  f i r s t  f o u r  coLumns, r e s p e c t i v e k y .  FinaLLy, i n  t h e  Last  column o f  t h e  tabLe 

we f i o d  t h e  r a n k i n g s  t h a t  r e s u L t e d  f rom a  p s e u d o - t r i a n g u l a r i z a t  ion.  Here 

"pseudo" i n d i c a t e s  t h a t  n o t  aLL p o s s i b l e s  per tnu ta t ions  u e r e  t aken  i n t o  account:  

we have r e s t r i c t e d  o u r s e l v e s  t o  aLL poss ibLe  b i n a r y  pe rmu ta t i ons  and removaLs 

cum i n s e r t  i ons  i n t o  ano t  h e r  p o s i  t i o n  o f  sequences o f  i n d u s t  r i  es. 

D i s c u s s i n g  t h e  r e s u l t s  we s t a r t  u i t h  t h e  backuard t r ans fo rma t i ons .  The 

i n d u s t r i e s  u i t h  Less t h a n  h a l f  a  backuard  t r a n s f o r m a t i o n  nay be cons idered  as a  

k i n d  o f  "bas ic "  i n d u s t r i e s :  t hey  c r e a t e  a lmos t  a l l  vaLue added i n c o r p o r a t e d  i n  

t h e i r  oun p r o d u c t s  by themselves. I n  t h i s  group ue encoun te r  educat ion, crude 

o i  l and n a t u r a (  gas e x p l o t a t i o n ,  severaL non-compet i t i ve  a g r i c u l t u r a k  t r o p i c a l  

products,  v a r i o u s  se rv ices ,  aLL o f  them w i t h  smaLL i npu t s .  Note t h a t  t h i s  group 

c o n t a i ~ s  a  number o f  i n d u s t r i e s  t h a t  do n o t  be long  t o  t h e  p r i m a r y  s e c t o r  as 

usua tLy  def ined.  14oreover t h e  p r i m a r y  subgroups o f  ou t ch  a g r i c u l t u r e  do no t  

beLong t o  t h e  group of "bas ic "  i n d u s t r i e s  bu t  t o  t h e  n e x t  group o f  0.5 - 1.5 



t r ans fo rma t i ons .  Here we aLso f i n d  s e r v i c e s  t h a t  use a  Lot of devices, l i k e  

research  i ns t r umen t  s. The range o f  t h e  wmbers  o f  backuard t r a n s  format  ions  i s  

no t  ve r y  u i de :  a t  i t s  f u r t h e s t  (2.5 - 3.5) ue f i n d  i n d u s t r i e s  L ike  s l a u g h t e r i n g  

and p o u l t r y  f a rm ing  and t h e  i m p o r t s  o f  copper. 

The numbers o f  f o r w a r d  t r a n s f o r m a t i o n s  have made a  much u i d e r  range. 

I n d u s t r i e s  w i t h  Less t h a n  h a l f  a  t r a n s f o r m a t i o n  can be cons i de red  as be i r ig  

. t y p i c a  L Ly consumpt ion-or iented.  So ue f i n d  greenhouse h o r t  i cuLture, va r i ous  

food-processing, t e x t  i Le and l e a t h e r  i ~ d u s t r i e s ,  soap and c l e a n i n g  

p repara t ions ,  perfumes and cosmetics, r e t a i l  t r a d e  e t c .  The impo r t s  of  o res  a r e  

t h e  f u r t h e s t  auay f rom t h e  consumer (about 5 t r a ~ s f o r m a t i o n s ) .  For a l 1  

i n d u s t r i e s  t h e  d i s t a ~ c e  t o  t h e  consumer as d i s p l a y e d  i n  tabLe  4.  i s  i n t u i t i v e l y  

appeaLi ng. 

TabLe 5. Numbers o f  i n d u s t r i e s  i n  v a r i o u s  ranges o f  t h e  backuard and f o r u a r d  

t r a n s f  ormat i ons. 

backuard O - 0.5 U.5 - 1.5 1.5 - 2.5 &.S - 3.5 

f o r u a r d  
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Tab le  5. i s  a  f requency  t a b l e  f o t  t h e  numbers o f  f o r u a r d  and backuard 

t r ans fo rma t i ons .  The r e s u L t s  i n  t h i s  tabLe miyh t  Lead t o  t h e  conc l us i on  t h a t  

t h e  c l a s s i c a l  d i v i s i o n  i n  pr imary,  secondary and t e r t i a r y  s e c t o r s  Leaves much 

t o  be des i red .  A c l a s s i f i c a t i o n  based on t h e  p o s i t i o n s  i n  t h e  p r o d u c t i o n  chains 

u o u l d  Look q u i t e  d i f f e r e q t .  I n  such a  c l a s s i f i c a t i o n  t h e  e x t e n t  t o  u h i c h  an  

i q d u s t r y  i s  ' b a s i c '  o r  ' consumpt ion-o r ien ted '  o r  b o t h  pLays a  c ruc i aL  roLe. 

I n d u s t r i e s  u h i c h  a r e  b o t h  b a s i c  and consumpt ion-o r ien ted  a r e  v a r i o u s  se r v i ces :  

ueL fa re  serv ices,  educat ion, heaLth s e r v i c e s  etc., u l i i Le  on t h e  o t h e r  end o f  

t h e  scaLe ue f i n d  i n d u s t r i e s  L i ke  s l a u g h t e r i n g  t h a t  a r e  b o t h  f a r  f rom 

consumption and f rom t h e  i n i t i a 1  c r e a t i o n  of va l ue  added. From tabLe 4. a y a i n  

i t  becomes cLear t h a t  t h e  t o t a l  Lengths o f  p r o d u c t i o n  cha ins  can vary  uideLy, 

v i z .  be tueen  1.039 ( u e l f a r e  s e r v i c e s )  a ~ d  8.175 (non f e r r o u s  me ta l  o res ) .  

Depending on t h e  purpose one has i n  mind i t  i s  p o s s i b l e  t o  empLoy f o u t  

d i f f e r e n t  ordenings, none o f  them cor respond ing  u i t h  t h e  one o f  t h e  pseudo- 

t r i a n g u i a r i t a t i o n .  

I n  t a b l e  6. t h e  u e i g h t e d  wmbe rs  o f  backuard and f o r u a r d  t r a n s f o r m a t i o n s  a re  

compared. The 9 columns a r e  based on t h e  exp ress i ons  (421, (44), (461, (371, 

(361, (391, (52), (511 and (54) r espec t  i v e l y .  For reasons o f  comparison t h e  

normed unue igh ted  t r a n s f o r m a t i o n s  a r e  i n c l u d e d  i n  t h e  tabLe. The o r d e r i n g  i s  

based on t h e  f o r u a r d  t r a n s f o r m a t i o n  u e i g h t e d  f o r  employment. The gene ra l  

p i c t u r e  emerging f rom t h e  tabLe  i s  s i m i l a r  t o  t h a t  o f  t a b l e  5 .  

I n  t a b l e  7. t h e  i n d u s t r i e s  a r e  o rde red  acco rd i ng  t o  t h e i r  employment 

u e i g h t e d  number o f  f o r w a r d  t r a n s f o r m a t i o n s s  and a r e  compared u i t h  an o r d e r i n g  

based on p s e u d o - t r i a n g u l a r i z a t  ion. I n  tabLe 8. we have a p p l i e d  Spearman's 

c o e f f  i c i e n t s  o f  rank c o r r e  Lat i o n  t o  t h e  va r i ous  o rde r i ngs .  

Ue a r e  nou abLe t o  draw s e v e r a l  concLusions about t h e  v a r i o i i s  o rde r i ngs :  

based on backward t r a n s f o r m a t i o n s  t h e y  Look s  

u e i g h t i n g  app l ied ;  

t h e  Same appLies f o r  f o r u a r d  t r ans fo rma t i ons ;  

based on t h e  we igh ted  r e l a t i v e  p o s i  t i o n s  t hey  

unue igh ted  o r d e r i n g  ue f i n d  a  r a t h e r  n e g a t i v e  

i m i  Lar, i ndependent o  f t h e  

look  s i m i  l a r  b u t  f o r  

c o r r e l a t i o n ;  

ue f i n d  h a r d l y  any c o r r e l a t i o n  be tueen  o r d e r i n g s  based on backuard 

t h e  

t r a n s f o r m a t i o n s  and those  based on e i t h e r  f o r u a r d  t r a n s f o r m a t i o n s  o r  

r e  l a t  i ve p o s i  t ions; 

between o r d e r i n g s  based on f o r u a r d  t r a n s f o r m a t i o n s  and those  based on 

r e l a t i v e  p o s i t i o n s  t h e r e  e x i s t s  a  n e g a t i v e  c o r r e l a t i o n ;  
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f. t h e r e  e x i s t s  a  ueak c o r r e l a t i o n  onLy betueen any of these  o r d r r i n g s  and a 

pseudo-triangularization, based on t h e  i npu t - coe f  f i c ien t s ;  

g. t h e r e  e x i s t s  a  p o s i t i v e  c o r r e l a t i o n  betueen an o r d e r i n g  based on f o rwa rd  

t r a n s f o r m a t  i o n s  and a  pseudo-t  r i a n g u l a r i z a t  i o n  based on t h e  ou tpu t -  

coef f i c i e n t s ;  

h. t h e r e  e x i s t s  n0 t o r r e l a t i o n  betueen any o f  these o r d e r i n y s  and t he  Dutch 

a d a p t a t i o n  o f  t h e  S tandard  I n d u s t r i a l  C l a s s i f i c a t i o n  o f  aLL Economic 

A c t i v i t i e s .  

Cooc lus ions  a  and b  a r e  no t  s u r p r i s i n g .  Here our  s t a r t i n y - p o i n t  was t he  

number of t r a n s f o r m a t i o n s .  A t t a c h i n g  d i f  f e r e o t  u e i g h t s  t o  d i f f e r e n t  

t r a n s f o r m a t i o n s  does no t  make much d i f  f erence uheo those u r i g h t s  don ' t  d i ve rge  

t oo  much. Thus, f o r  vaLue added u e i g h t e d  t rans fo rmat ions ,  t h e  c o r r e l a t i o n  w i t h  

employment u e i g h t e d  t r a n s f o r m a t i o n s  i s  na tu ra l ,  s i nce  Labour c o s t s  a re  a  Large 

p a r t  of t h e  Dutch v a l u e  added. 

The n e g a t i v e  c o r r e l a t i o n  ment ioned i n  c  i s  as ye t  unexp la i nab le .  Maybe t h e  

p r o d u c t i o n  chains have been deformed bad l y  by t h e  norming. 

Conc tus ioo  d i s  qo t  s u r p r i s i n g .  Iq p r i n c i p l e  t h e r e  i s  no r e l a t i o n  betueen 

backuard and f o r u a r d  t r a n s  fo rmat ions .  But i t i s  cont  r a r y  t o  t h e  f ounda t i ons  o f  

t h e  i dea  o f  t r i a n g u l a r i z a t i o n ,  v i z .  one can a luays  t e l l  u h e t h e r  an i n d u s t r y  

be longs  t o  t h e  b e g i n  o r  t h e  end o f  a  p r o d u c t i o n  cha in  and t h a t  i t  uouLd be 

i m p o s s i b l e  f o r  an i n d u s t r y  t o  beLong t o  b o t h  ends simuLtaneousLy. Uould t h e  

i dea  o f  t r i a n g u l a r i z a t i o n  be true, a  s t r o n g  n e g a t i v e  c o r r e l a t i o n  was t o  be 

expected. 

The s t r o n g  n e g a t i v e  c o r r e l a t i o n  ment ioned i n  e  i n d i c a t e s  a  dominant 

i n f l u e n c e  of t h e  f o r u a r d  t r a n s f o r m a t i o n s  over  t h e  backuard  ones. Th is  i s  

unde rs tandab le  uhen wc Look a t  t a b l e  6. Here t h e  numbers o f  f o r u a r d  

t r a q s f o r m a t i o n s  can be Carger t h a n  one, u h i  Le those o f  t h e  backuard  

t r a n s f o r m a t i o n s  a r e  a t  most one, by  d e f i n i t i o n .  Ue see t h e  Same f o r  t h e  

unnormed unue igh ted  numbers o f  t r a n s f o r m a t i o n s  o f  tabLe  4. The c o r r e l a t i o n  

shouLd be nega t i ve :  t h e  l a r g e r  t h e  numbers o f  f o rwa rd  t r ans fo rma t i ons ,  t h e  

l o u e r  t h e  r a t i o  of t h e  backuard  p l u s  ( h a l f  o f )  . t he  oun t r a n s f o r m a t i o n  t o  t h e  

t o t a l  Length. The n e g a t i v e  c h a r a c t e r  o f  t h e  c o r r e l a t i o n  i n d i c a t e s  a  r e v e r s i o n  

i n  t h e  o rde r i ng .  

The ueak c o r r e l a t i o n  o f  f i n d i c a t e s  t h a t  cornparing t r i a n g ~ t t a r i z a t i o n  based 

on i n p u t - c o e f f i c i e n t s  and t h e  o r d e r i n g  here  developed i s  n o t  f r u i t f u t .  The 



f o u n d a t i o ~ s  o f  b o t h  t echn iques  a r e  incompat ibLe. 

The c o r r e l a t i o n  we ment ioned i n  g i s  caused by t he  max imaL iza t ion  i n  t he  

upper t r i a n g l e  o f  t h e  tabLe. The p s e u d o - t r i a n g u l a r i z a t i o n  automat icaLLy causes 

t h e  i n d u s t r i e s  u h i c h  h a r d l y  d e l i v e r  t o  consumption t o  appear a t  t h e  beginning; 

smal1 d e l i v e t i e s  t o  consumpt ion a r e  n e c e s s a r i l y  a s s o c i a t e d  u i t h  a  Large number 

o f  f o r u a r d  t r ans fo rma t i ons .  (Fo t  t h e  backuard t r a n s f o r m a t i o n s  i t  i s  t h e  o t h e r  

uay around, hence t h e  negat  i ve c o r r e l a t  ion.) 

A p r i o r i ,  one migh t  have expec ted  a  s L i g h t  c o r r e l a t i o n  between t he  

i n d u s t r i a l  c  l a s s i f  i c a t i o n  and some o r d e r i n g s  s i nce  t h e  former  r e f  Lects  t h e  

d i s t i n c t  i o n  betueen pr imary,  secondary and t e r t  i a r y  i n d u s t  r i e s .  iiouever, t he  

f a c t  t h a t  t h e r e  i s  no c o r r e l a t i o n  con f i rms  t h a t  t h i s  d i s t i n c t i o n  i s  o f  d o u b t f u l  

va l ue  i n  c h a r a c t e r i z i n g  t h e  p o s i t i o n  o f  i n d u s t r i e s  i n  p r o d u c t i o n  chains. 

We nou r e t u r n  t o  t a b l e s  6. and 7. I n  tabLe  6. ue compared t h e  u e i g h t e d  

numbers of backuard and f o r u a r d  t r ans fo rma t i ons ,  i n  t a b l e  7. t h e  from these  

numbers d e r i v e d  r a n k i n g s  a r e  g iven.  I n  b o t h  t a b l e s  t h e  i n d u s t r i e s  a re  o rde red  

acco rd i ng  t o  t h e i  r rank i r igs  based on t h e  numbers o f  einployment u e i g h t e d  f o r u a r d  

t r ans fo rma t i ons .  We uouLd l i k e  t o  knou u h i c h  i n d u s t r i e s  behave i n c o n s i s t a n t l y  

u i t h  respec t  t o  t h e  v a r i o u s  uays i n  u h i c h  we o rde r  t h e  i n d u s t r i e s .  For t h e  

unue igh ted  and f o r  va lue  added u e i g h t e d  numbers o f  backuard t r a n s f  ormat i o n s  ue 

Look a t  severaL i n d u s t r i e s  u h i c h  d i f f e r  50 p o s i t i o m  o r  more: gas d i s t r i b u t i o n  

(84 - 162), f l o u r  m i l L s  (87 - 1451, a i r  t r a n s p o r t  bus i ness  (90 - 151) and 

f i n i s h i n g  o f  t e x t i l e s  (139 - 35). To expLa in  t h e  differente f o r  t h e  gas 

d i s t r i b u t i o n  ue onLy need t o  t a k e  one s t e p  backuard, s i n c e  a  r e l a t i v e  Large 

p a r t  o f  t h e  vaLue added uas formed expLoi  t i n g  t h e  n a t u r a [  gas f j e l d s .  Something 

s i m i  l a r  a p p l i e s  f o r  t h e  a i r  t r a n s p o r t  bus iness.  Much o f  i t s  vaLue added was 

genera ted  i n  t h e  p r o d u c t  i o n  o f  j e t  f u e l s  and c a p i t a l  goods. F l o u r  m i  l Ls aLso 

add o n l y  a  L i t t  l e  t o  t h e  va l ue  added i n c o r p o r a t e d  i n  t h e  p roduc t s  they Luy f rom 

a g r i c u l t u r e .  For t h e  f i n i s h i n g  o f  t e x t i l e s  t h e  r eve r se  i s  t r u e :  t h e  impo r t ed  

r a u  m a t e t i a l s  f rom Lesser developed c o u n t r i e s  do n o t  c o n t a i n  much vaLue added, 

u h i  t e  t h e  domest ic  c o s t s  o f  Labour a r e  ve r y  high. 

Uhen ue compare t h e  o r d e r i n g s  a c c o r d i n g  t o  t h e  vaLue added u e i g h t e d  and t h e  

emp Loyment u e i g h t e d  numbers o f  backuard  t r a n s  format  ions, we f i n d  even h i g h e r  

d i f f e r e n c e s :  crude o i L  and n a t u r a l  gas (11 - 1591, non-competing impo r t s  o f  

crude o i l  (?Y - 1751, bus i ness  a l L i e d  t o  a i r  t r a n s p o r t  (55 - 108), b r e u i n g  and 

maLt ing (47 - 1021, non-competing i m p o r t s  o f  s tones  ( d l  - 169)  and tramuays and 

r e g u l a r  bus s e r v i c e s  (138 - 4 2 ) .  



Fo r  t h e  o r d e r i n g s  based on t h e  u e i g h t e d  numbers o f  f o r u a r d  t r a n s f o r m a t i o n  we 

can concLude t h a t  t h e r e  a r e  no g r e a t  d i f f e r e n c e s .  Houever, uhen we look a t  t h e  

unue igh ted  number of t r ans fo rma t  i ons  ue r i  y h t  auay no t  i c e  a  f e u  d i f  ferences, 

notabLy i n  case o f  non-competing t r o p i  c a l  a g r i  c u l t u r a l  p roduc ts :  co f  fee b e r r i e s  

(1U7 - 49 - 44) ,  cacao beans (106 - S7 - k6), cassave (177 - 96 - 8U), maize 

and soy beans (138 - 92 - 68), pa lm o i L  and k e r n e l s  (163 - 98 - 821, c o t t o n  and 

wooL (179 - 128 - 117), c rude  o i L  and n a t u r a [  gas (166 - l 1 1  - 118>, t r o p i c a l  

f ood  p r o d u c t s  (161 - 71 - 57) and t r a n p o r t  s u p p o r t i n g  s e r v i c e s  (168 - 87 - 80).  

Most probably,  t h e  Larges t  p a r t  o f  t h e  vaLue added has a l r eady  been generated 

be fo re  these  p r o d u c t s  a r r i v e d  a t  t h e  Dutch border;  onLy L i t t  Le va lue  i s  added 

t o  theni by t h e  h i g h  Ly mechani sed Dutch food-process ing i n d u s t r i e s .  The Same 

app L i  es f o r  Labour- i  n t e n s i  ve p roduc t  i o n  processes. 

The o r d e r i n g s  based on pseudo-triangularization a r e  q u i  t e  u n i n f o r m a t i v e .  

That t h e  method does n o t  uo r k  t o o  weLL i s  i L L u s t r a t e d  by t h e  i n d u s t r i e s  t h a t  

t a k e  up t h e  t op  rous: communications, bus iness  s e r v i c e s  and uho lesa te  t r ade .  

These i n d u s t r i e s  suppLy t o  n e a r l y  aLL i n d u s t r i e s .  ClearLy t h i s  i s  no t  a  ~ o o d  

c r i t e r i o n  t o  de te rmine  an o r d e r i n g  o f  i n d u s t r i e s .  

Summarizing t he  d i s c u s s i o n  o f  t h e  d i f f e r e n c e s  betueen t h e  o r d e r i n g s  i t  i s  

cLear  t h a t  each o f  t h e  o r d e r i n g s  based on t r a n s f o r m a t i o w  has i t s  oun m e r i t s .  

Uh ich  o r d e r i n g  one u i L L  use depends on t h e  purpose a t  hand. 

ResuLts: c h a r a c t e r i z a t i o n  o f  impor ts ,  e x p o r t s  aqd consunipt ion. 

The method developed i n  s e c t i o n  6 has been a p p l i e d  t o  a  number o f  Dutch baske ts  

o f  goods and s e r v i c e s :  impor ts ,  e x p o r t s  and consumption. The r e s u l t s  a r e  

summarized i n  TabLe 9. For  t h e  numbers o f  unue igh ted  t r a ~ s f o r m a t i o n s ,  v a l u e  

added u e i g h t e d  t r a n s f o r m a t i o n s  and employment u e i g h t  ed t rans fo rmat  i ons  t h e  

r e s u L t s  f o r  t h e  backuard  and f o r u a r d  cases, t he  t o t a l  p roduc t  i o n  chains and t h e  

r e l a t i v e  p o s i t i o n s  were caLcuLated a p p l y i n g  t h e  express ions  deveLoped i n  

s e c t i o n  6. No te  t h a t  we caLcuLate each commodity 's p r o d u c t i o n  c h a i n  t o r  t h e  

'cLosed economy' t o t a l  i n p u t - o u t p u t  tabLe. Next ue use t hese  cha ins  t o  t h e  

average p r o d u c t i o n  c h a i n  a s s o c i a t e d  u i t h  a  basket  o f  goods and s e r v i c e s  

composed exac t  Ly L i k e  Dutch i m p o r t s  and expor ts .  I n  case o f  consumption, t h e  

i n t e r p r e t a t i o n  i s  s i m i l a r  though maybe a  b i t  subtLe a t  f i r s t  gLance. Dy 

d e f i n i t i o n  t h e  baske t  f o t  consumpt ion i s  a  basket  o f  goods and s e r v i c e s  on  

u h i c h  no more t r a n s f o r m a t i o n s  can be app l i ed .  tlouever, a  Large p a r t  o f  t h e  



TabLe 9. C h a r a c t e r i z a t i o n  o f  impor t ,  expo r t  and co~sump t i on .  

The f i g u r e s  r ep resen t  e x p e c t a t i o n  va lues of t h e  nurnbers of a c t i v i t i e s .  

backuard  oun f o r u a r d  t o t a l  Length r e L a t i v e p o s i t i o n  

unue igh ted  

impo r t  1 . j48 1.00U 1.994 4.370 .450 ( - 4 2 3 )  

expo r t  1.450 1.000 1.97U 4.419 .458 ( -441)  

consumption 1.074 1.300 .450 2.524 l (.624) 

va Lue added u e i g h t  ed 

impo r t  .610 .3YU .689 1.683 

e x p o r t  .625 .375 .704 1 .?O4 

consumpt i o n  .433 .S17 ,18u 1 . l 80  

Labour u e i g h t e d  

impo r t  - 652  .348 .657 1 .h57 -531 C.498) 

expo r t  -666 -344 .667 1.667 ,550 (.503) 

consumpt ion .473 

goods and s e r v i c e s  couLd aLso be used  f o r  i n t e r m e d i a t e  consumpt ion i n s t e a d  of 

f i naL  consumption. These undergo a t  Least one more t r a n s f o r m a t  ion; as a  

consequence t h e  average good i n  t h e  baske t  goes t h rough  0.45 a d d i t i o n a l  

t rans fo rma t  ions.  

For i m p o r t s  ue f i n d  1.970 and f o r  e x p o r t s  1.994 a d d i t i o n a l  t rans fo r r i i a t ions ,  



u h i c h  exceeds t h e  average number f o r  t h e  consumption by 1.5. So ue may conc lude 

t h a t  impo r t s  and e x p o r t s  d i f f e r  compLeteLy i n  cha rac te r  f rom consumption. I t  i s  

r a t h e r  s u r p r i s i n g  t h a t  t h e  number o f  f o r u a r d  t r ans fo rma t  i ons  h a r d l y  d i f  f e r s  

f o r  impo r t s  and expor ts .  One uouLd have expected t h a t  a  h ighLy  i n d u s t r i a l i z e d  

L c o u n t r y  L i ke  t h e  NetherLands, which i s  r a t h e r  poor  i n  r a u  ma te r i a l s ,  uouLd 

impo r t  many ram m a t e r i  a l s  and uouLd expo r t  f l n i  shed products ;  t h e  L a t t e r  uou td  

have onLy a  L i m i t e d  number o f  f o r u a r d  t r ans fo rma t i ons .  An e x p l a n a t i o n  i s  t h e  

e x p o r t s  o f  chemicaL b u l k s  and p r o d u c t s  o f  the  o i  l r e f  i ne r i es ,  s i nce  t h e  

c o n t r i b u t i o n  o f  f i n i s h e d  chemica1 p r o d u c t s  i s  r e L a t i v e L y  smaLL. 

For  t h e  u e i g h t e d  t r a n s f o r m a t i o n s  we f i n d  t h e  Same pherton~enon. The ' f o r u a r d  

va l ue  added con t  r i b u t  i o n '  i s  La rger  t h a n  t h e  ' f o r u a r d  employment cont  r i b u t  i o n ' ;  

f o r  impo r t s  t h i s  can be e x p l a i n e d  by t h e  f a c t  t h a t  t o  a  l a r g e  e x t e n t  ue impo r t  

r a u  m a t e r i a l s  f rom Lou-uage c o u n t r i e s .  For t he  e x p o r t s  we m i yh t  conc iude t h a t  

t h e  Dutch economy e x p o r t s  many i n t e r m e d i a t e  goods, u h i c h  s t i l l  need a  l o t  o f  

h i g h l y  q u a l i f i e d  Labour; t h i s  u o u l d  mean t h a t  Dutch i n d u s t r i ' e s  Leave a  l a r g e  

p a r t  o f  t h e  c r e a t i o n  o f  t h e  v a l u e  added concerned t o  i n d u s t r i e s  abroad. The 

riumber o f  backuard  t r a n s f o r m a t i o n s  i s  a  Lot l oue r  f o r  c.onsumption t han  f o r  

i m p o r t s  o r  expor ts .  

Fo r  t h e  t o t a L  Length o f  p r o d u c t i o n  cha ins  ue aga in  f i n d  a  remarkable 

differente be tueen  consumpt ion on t h e  one hand and i m p o r t s  and e x p o r t s  on t h e  

o the r .  O f  course a  number o f  consumer-or iented s e r v i c e s  u i L l  no t  be r ep resen ted  

i n  t h e  baske ts  o f  f o r e i g n  t r ade .  They a l 1  have a  ve ry  s h o r t  p r o d u c t i o n  chain, 

u h i c h  makes i t  Less l i k e l y  t h a t  t hey  u i l L  becoine i n v o l v e d  i n  f o r e i g n  t rade .  

For  t h e  r e l a t i v e  p o s i t i o n s  ue have d ispLayed  - a f t e r  t h e  a r i t h m e t i c  averages 

- t h e  p o s i t i o n s  ue uouLd expect  t o  f i n d  i f  t h e  baske t  uere  one "pseudo- 

p roduc t "  ( t h a t  is, t h e  u e i g h t e d  averages, t h e  u e i g h t s  be i ng  t h e  shares of each 

i n d u s t r y  i n  consumption).  I t  cao be p roved  that,  i n  general ,  b o t h  p o s i t i o n s  a re  

n o t  i d e n t i c a L .  For  t h e  unue igh ted  numbers we f i n d  t h e  f o r e i g n  t r a d e  pseudo- 

p r o d u c t  i n  t h e  9Uth pos i t i o n  and t h e  consumpr i o n  pseudo-product i n '  t h e  140th; 

f o r  t h e  u e i g h t e d  ones t h e  p o s i t i o n s  a r e  1 l O t h  and 1 5 0 t h  r e s p e c t l v e l y .  We shou 

remark t h a t  h e r e  t h e  average r e l a t i v e  p o s i t i o n  o f  t h e  s u p p l i e r s  i s  shown and 

n o t  t h e  r e L a t i v e  p o s i t i o n  a t  t h e  moment o f  de l i ve r y ,  c.q. a t  t h e  Dutch bo rde r  

To f i n d  t h e  L a t t e r  f i g u r e  we have t o  t ake  t h e  sum o f  t h e  numbers o f  backuard  

and oun t r a n s f o r m a t i o n s  and d i v i d e  t h e  r e s u l t  by t h e  t o t a l  Length. For f o r e i g n  

t r a d e  t h i s  r a t i o  shous t h e  d i s t r i b u t i o n  over  domest ic  and f o r e i g n  

t r a n s f o r m a t i o n s .  



14. Resu l t s :  t h e  domest i c  c o n t r i b u t i o n .  

I n  t h e  p reced ing  s e c t i o n s  we have i n t r o d u c e d  the  t o t a l  10-table,  uh i ch  has been 

used f o r  a  number o f  s t u d i e s .  The s t u d i e s  r e s u l t e d  i n  a  c h a r a c t e r i z a t i o n  of 

i n d u s t r i e s  t h a t  enab led  US t o  compare them mu tua l l y .  Uould we do t h e  Same t o  

t h e  s t anda rd  Dutch  10-tabLe ue u o u l d  o b t a i n  r e s u l t s  i n  uh i ch  t h e  p r o d u c t i o i  

processes i n  t h e  r e s t  o f  t h e  u o r l d  uouLd be L e f t  out.  G e n e r a l l y  spoken t h i s  

uouLd Lead t o  s h o r t e r  p r o d u c t i o n  chains.  

Ue d e f i n e  t h e  domest ic  c o n t r i b u t i o n  as t h e  r a t i o  o f  two p r o d u c t i o n  cha 

p: hz,d D h:,t 
r 

The s u p e r s c r i p t  z r ep resen t s  t h e  r e l e v a n t  u e i g h t i n g  method ( t r ans fo rma t i ons ,  

vaLue added, employment), d  r ep resen t s  t h e  domest ic  10-tabLe and t t h e  t o t a l  I O -  

t a b l e .  The s u b s c r i p t  r r ep resen t s  p a r t  o f  the  p r o d u c t i o n  c h a i n  (backuard, 

foruard, t o t a l  Length).  Co pf i n d i c a t e s  which p a r t  o f  t h e  p r o d u c t i o n  

p rocess  couLd be c a l  l e d  domest ic.  I n  t a b l e  1U. t h e  unue igh ted  and t h e  domest ic 

p r o d u c t i o n  u e i g h t e d  f o r  va l ue  added i s  g iven.  The i n d u s t  r i e s  have been o rde red  

a c c o r d i n g  t o  t h e  Lengths p:. The dornest ic p r o d u c t i o n  based on t h e  nunibers 

o f  t r a n s f o r m a t i o n s  and on t h e  genera ted  va l ue  added has been compared. I t  i s  

n o t  necesa r r y  t h a t  t h e  r a t i o  o f  t h e  domest ic  c o n t r i b u t i o n  u i t h  respec t  t o  t h e  

e o t a l  c h a i n  L e ~ g t h  has a  v a l u e  be tueen  those  u i t h  respec t  t o  t h e  backuard and 

f o r w a r d  p a r t s  r e s p e c t i v e l y .  The reason i s  t h a t  t h e  t o t a l  cha in  l e n g t h  conta ins,  

bes ides  these  par ts ,  a l s 0  t h e  oun c o n t r i b u t i o n .  I n  gene ra l  domest ic  

c o n t r i b u t i o n s  on t h e  b a s i s  o f  va l ue  added a re  s l i g h t l y  h i g h e r .  

The f i r s t  p a r t  o f  t h e  tabLe  i s  dominated by i n d u s t r i e s  u i t h  a  smal t  domest ic  

c o n t r i b u t i o n ,  e.g. t h e  chemica l  b a s i c  p roduc t s  i n d u s t  ry .  Onr may concLude t h a t  

research  i n t 0  t h e  economic f e a s i b i l i t y  o f  encouraging i n d u s t r i e s  t h a t  use b a s i c  

chemica l  p roduc t  m igh t  p rove  f r u i t f u t .  The Last p a r t  o f  t h e  t a b l e  i s  dominated 

by t h e  t e r t  i a r y  sector ,  food-p rocess ing  i n d u s t r i e s  and c o n s t r u c t  ion.  

I n  tabLe  l l .  t h e  domest ic  c o n t r i b u t i o n s  t o  baske ts  o f  impor ts ,  expo r t s  and 

consumpt ion a r e   show^. I n  case o f  imports,  t a b l e  11. may be i n t e r p r e t e d  as 

f o l l o u s .  Consider  a  baske t  o f  goods composed e x a c t l y  L i ke  impor ts .  The use of 

each of these goods i s  s u p p l i e d  t o  a  v a r y i n y  degree b o t h  by impo r t s  and by 

domest ic  producers.  Thus an i n c r e m e n t a l  use o f  t h e  uho le  basket  u i  L L  n o t  Lead 

t o  a d d i t i o q a t  impo r t s  o ~ l y  b u t  t o  a d d i t i o n a l  domest ic  p r o d u c t i o n  as w e l l .  
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TabLe 11. Domestic con t  r i b u t i o n s  t o  imports,  expo r t s  and consurnption 

i mport 

e x p o r t  

Unweighted t r a n s  fo rmat  i ons  Value added u e i t h e d  t r a n s f .  

backward f o r w a r d  t o t a l  backuard  f o r u a r d  t o t a l  

Lengths Lengths 

consumption -377 -547 .600 .468 .578 .708 

The add i  t i o n a l  i m p o r t s  have ' f o r u a r d '  consequences, t h e  add i  t i o n a l  domest i c  

p roduc t  i o n  has 'backuard '  and ' oun  c o n t r i b u t  i o n '  t ype  consequences as wel l. 

Hence domest ic  f o r u a r d  and backuard  t r a n s f o r m a t i o n s  a r e  a s s o c i a t e d  u i t h  t h i s  

' i m p o r t s  baske t ' .  These domest ic  c o n t r i b u t i o n s  t o  t h e  t o t a l  cha ins  a r e  shoun i n  

t h e  f i r s t  l i n e  o f  t a b t e  11. 

I n  case o f  e x p o r t s  and consumption, a  s im i  Lar  reason ing  app l i es .  Consider  

t h e  exampLe o f  a  baske t  o f  goods composed e x a c t l y  l i k e  consumption. Most o f  

t hese  goods a r e  ~ o t  o n l y  consumed b u t  a r e  expo r t ed  and used as impo r t s  as u e l l ,  

t o  v a r y i n g  degrees. Thus f o r u a r d  L inkages a r e  assoc i  a t e d  u i  t h  these  goods, j u s t  

L i k e  backuard l i n k a g e s  a r e  a s s o c i a t e d  u i t h  t h e  goods i n  t h e  impo r t s  basket .  

TabLe 71. shows t h e  domest i c  c o n t r i b u t i o n  t o  these  f o r u a r d  chains.  

The r a t i o ' s  of t a b l e  11. a r e  ve r y  l o u  and i n d i c a t e  t h a t  t h e  Dutch economy i s  

ve ry  open. The domest i c  c o n t r i b u t i o n  t o  t h e  f o r u a r d  p r o d u c t i o n  cha in  i s  h i g h e r  

f o r  t h e  i m p o r t s  baske t  t h a n  f o r  t h e  e x p o r t s  basket.  T h i s  i s  easy t o  unders tand  

uhen ue r e a l i s e  t h a t  many of t h e  i m p o r t s  a r e  d e s t i n e d  f o r  Dutch p r o d u c t i o n  

processes uh i Le  e x p o r t s  a r e  mednt f o r  processes abroad. The baske t  o f  

consumption i s  c  l e a r  Ly d i f f e r e n t ;  t h e  h y p o t h e t i  c a l  f o r u a r d  p roduc t  i o n  chai  ns 

show a  rnuch h i g h e r  c o n t r i b u t  ion. There i s  p r a c t  i c a l  l y  no d i f  f e rence  be tueen  

unue igh ted  t r a n s f o r m a t i o n s  and t h o s e  u e i g h t e d  f o r  va Lue added wei gh ted  

t r a n s f o r m a t i o n s .  

Fo r  t h e  backuard cha ins  t h e  unue igh ted  doinest ic c o n t r i b u t i o n s  a re  Lou bu t  

f o r  vaLue added u e i g h t e d  cha ins  t h e  c o n t r i b u t i o n s  a re  about average. One 

p o s s i b l e  cause migh t  be t h e  non-compet i t i v e  impor ts .  I?  t h e  Nether-Lands t h e  

g e n e r a t i o n  o f  va l ue  added p e r  p r o d u c t i o n  s t e p  i s  c o n s i d e r a b l y  h i g h e r  t han  i n  

t h e  Lesser developed c o u n t r i e s  f r om  uhe re  we o b t a i n  t h e  main p a r t  o f  non- 



c o m p e t i t i v e  impor ts .  The Lou domest ic  c o n t r i b u t i o n  t o  t h e  backuard p r o d u c t i o n  

c h a i n  can be a t t r i b u t e d  t o  t h e  o i  L r e f i n e r i e s  u l i i ch  take  up a  Large share of 

t h e  e x p o r t s  ( i n  1972 we d e f i n e d  crude o i l  as non-con ipe t i t i ve ) .  

The, dornestic c o n t r i b u t i o n  t o  t h e  t o t a l  p r o d u c t i o n  cha ins  a re  h i g h e r  t han  

those t o  t h e  backuard  o r  f o r u a r d  chains.  T h i s  i s  because t h e  domest ic  

c o n t r i b u t i o n  t o  each i n d u s t r y ' s  'own t r a n s f o r m a t i o n '  i s  h i g h e r  t han  t h a t  t o  

f o rwa rd  and backuard chains.  The domest ic  c o n t r i b u t i o n  t o  t h e  o r n  c o n t r i b u t i o n  

i s  s impty  t h e  r a t i o  o f  t h e  domest ic  p r o d u c t i o ~  t o  t h e  surn o f  domest ic 

p r o d u c t i o n  and impor ts .  The domest ic  c o n t r i b u t i o n s  t o  t h e  s teps  i n  t h e  f o r w a r d  

and backuard p r o d u c t i o n  cha ins  a r e  on t h e  c o n t r a r y  reLa ted  t o  r a t i o s  o f  h i ghe r  

o rde r  t r a n s f o r m a t i o n s  o f  t h e  domest ic  c o n t r i b u t i o n  and t h e  sum o f  f o r e i g n  and 

domest ic  c o n t r i b u t i o n ,  r espec t i veLy .  I Q  t h e  cases o f  t h e  f ~ r u a r d  and backuard 

cha ins  t h e  numerator  c o n s i s t s  s o l e l y  o f  domest ic  p roduc t  i o n  steps. Houever, t h e  

denominator  contains, bes ides  p u r e  f o r e i g n  p r o d u c t i o n  steps, aLso p r o d u c t i o n  

s teps  u h i c h  c o u l d  have been domest ic  i f  t h e i r  d e s t i n a t i o n  u o u l d  have been 

domest ic.  The re fo re  t h e  d e ~ o m i n a t o r  i s  Larger  i n  t h e  cases o f  f o r u a r d  and 

backward cha ins  t h a n  i n  t h e  case of t h e  own t r ans fo rma t i on .  Thus, t h e  r a t i o  i s  

h i g h e r  i n  t h e  L a t t e r  case. 

I n  o rde r  t o  i k l u s t r a t e  hou d a t a  L i ke  those  i n  t a b l e  11. m i g h ~  be employed i n  

p o l i c y  p lanning,  c o n s i d e r  t h e  domest i c  c o n t r i b u t i o n  t o  t he  vaLue added u e i g h t e d  

f o rwa rd  c h a i n  of expo r t s .  T h i s  c o n t r i b u t i o n ,  O.3U6, i s  ve ry  Lou. T h i s  can be 

taken  t o  i n d i c a t e  t h a t  t h e  ma jo r  p a r t  o f  t h e  p r o d u c t i o n  processes r e q u i r e d  t 0  

t r a n s f o r m  Dutch e x p o r t e d  p roduc t  s i n t o  f inaL  consumpt i o n  goods, i s  Located 

abroad. Thus one migh t  s tudy  t h e  p o s s i b i  L i t i e s  t o  expand o r  newLy c r e a t e  

i n d u s t r i e s  engaged i n  t h i s  f u r t h e r  p r o c e s s i n g  o f  goods t h a t  a r e  nou expor ted.  

15. P o s s i b l e  a p p L i c a t i o n s  

Our method has more appLi  c a t i o w  t h a n  t r i a n g u l a r i z a t  ion, Here ue ment i o n  j u s t  

a  f e u  o f  them. 

1. The ~ L a s s i f i c a t i o n  o f  i n d u s t r i e s .  

W i t h  t h e  h e l p  o f  backuard, f o r w a r d  and t o t a l  p r o d u c t i o n  c h a i n  Lengths p l u s  

t h e  r e l a t i v e  p o s i t i o n s  ue can compare t h e  p o s i t i o n s  o f  t h e  v a r i o u s  

i n t o  account t h e  phenomenon 

i s t i c s  a  neu approach t o  a  

i n d u s t r i e s  u i t h i n  t h e  economy. Here ue can t a k e  

o f  c i r c u l a r i t y .  On t h e  b a s i s  o f  these  c h a r a c t e r  

~ L a s s i f i c a t i o n  o f  i n d u s t r i e s  shouLd be poss ibLe  



2. P r e p a r i n g  an i n d u s t r i a l  p o l i c y .  

The da ta  f rom t a b l e s  10. and 11. g i v e  p o l i c y  i n f o r m a t  ion.  Spe i i  f i caL  Ly, 

i n f o r m a t i o n  o f  t h i s  t y p e  can be a  h e l p f u l  tooL when a  government u i shes  t o  

de te rmine  u h i c h  p a r t i c u l a r  i n d u s t r i e s  shou ld  be s t in tu la ted .  

3. S tud i es  o f  technoLog ica1  changes i n  t ime. 

I t  i s  pLausibLe t h a t  u i  t h  t h e  i n c r e a s s i n y  t e c h n o l o g i  c a l  development 

p r o d u c t i o n  cha ins  u i L L  become Longer and Longer. I t  i s  u o r t h u h i  Le t o  t ake  a  

c l o s e r  look a t  t h i s  t heo ry  f o r  - i f  p roveq  t r u e  - i t  uouLd g i v e  us a  tooL 

t h a t  wouLd enabLe us t o  ana lyse  a  t e c h n o l o g i  c a l  development. 

4. De te rm in i ng  t h e  Leve l  o f  development o f  v a r i o u s  c o u n t r i e s .  

On t h e  b a s i s  o f  t h e  Leqgths o f  t h e  domest ic p r o d u c t i o ~  cha ins  and 

c o n t r i b u t i o n s  ue migh t  compare t h e  development Levels o f  c o u n t r i  es. I n  

case o f  a  Lesser developed coun t r y  i t  might  be necessary t o  r e l a t e  

t h e  domest ic  con t  r i  b u t i o n s  t o  t h e  t o t a l  10-tabLe o f  t h e  p roduc t  i o r i  

s t r u c t u r e  o f  a  developed coun t ry .  

5 .  D e t e r m i n i ~ g  t h e  i n t e r d e p e n d e ~ c e s  betueen count r i  es. 

The degree o f  dependence o f  s p e c i f  i c  i n d u s t r i e s  o f  a  coun t r y  on f o r e i g n  

t r a d e  can be i n f e r r e d  f rom t h e  domest ic  c o n t r i b u t i o n s .  

6 .  D e t e r n i n i n g  t h e  in te rdependences  betueen i n d u s t  r i e s .  

I n d i c a t i o n s  as t o  t h e  i n t e rdependec ies  betueen i n d u s t r i e s  a r e  g i ven  by r h e  

normed t r a n s f o r m a t i o n s  m a t r i x  Hf (eq. (16)) .  From t h i s  m a t r i x  we can 

t r a c k  down t h e  "d i s t ances "  be tueen  t h e  i n d u s t r i e s  iri t h e  p r o d u c t i o n  

processes.  

7 .  T r a c k i n g  down t h e  f i L i & r e s .  

I n  a  f i l i è r e  t h e  i n d u s t r i e s  a r e  c h a r a c t e r i z e d  by uay o f  t h e  d i s t ances  

between succeedi  ng i ndus t  r i  es; each s t e p  shou ld  be app rox ima te l y  one. The 

f i l i è r e s  shouLd be s e l e c t e d  o r ~  t h e  b a s i s  o f  t h e  m a t r i x  Hf. 
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I n t e r m e d i a t e  r r ia t r ix  A C ,  er i la rged  u i t l i  t t i é  c o i ~ m  v e c t o r  c  o f  

consum l~ t i on  OQ t h e  r i g l ~ t  hand s i de  and a c o r r = s n o r i ~ ! i t . ~ ~ j  ro i i  a f  zcfro's  a t  

t he bottoni. 

I n t e r n e t i i a t e  m a t r i x  o f  t l l e  t o t a l  input -oc i tp t i t  t a t i l r ;  i t  i f i cL t~des  

coclpet i t i ve i i npo r t s  and t he  consuiii[it i o f i  o f  c a p i r a l  goods. 

I n t e r m e d i a t e  i r l pu t  coef  f i c ien ts ,  i n c  Luclinq cornpet i t  i v e  ir, iport s a r l J  

consumpt i o n  o f  cdp i  t a l  goods. 

The p a r t  o f  t t i e  i n t e r i n é d i a t e  m a t r i x  A*, wti icl i  r!rscr.it>cs t he  

i n t e r m e d i a t e  consurngt i o n  needed f o r  the  p roduc t  i o n  o f  t h e  f  i r ia  l 

consumpt ion .  

I n t e r m e d i a t e  n a t r i x ,  domes t i c  p r o d u c t i o ~ .  

EqLarged n a t r i x  w i t h  i ? p u t  c o e f f i c i e n t s  an2 t he  v e c t o r  w i t h  each 

i n d u s t r y ' s  share i q  t o t a l  f i n a l  consumption, r e s p e c t i v e l y .  

I n t c rme t ! i  a t e  mat r i x ,  c o n p e t i t i v s  i rnpor ts .  

Er l larged m a t r i  x t r i t l i  o u t p u t  c o e t f i c i e n t s :  t h e  shares o f  i n t e r r n i d i a t e  

use r s  and f i n a  L consunpt ion.  

f l a t r i x  u i t l i  cunu la te r i  vaLue aclded c o e f f i c i e n t s .  

Vec to r  u i  t h  no rn l a l i  zed t r a n s f  ormat ions.  

Consumption v e c t o r  ex tended  u i  t t i  a ze ro  element.  

Cmsumpt i o ?  vec to r .  

I l a t r i x  u i t t i  nunibers o f  t r a ~ s f o r m a t i o r l s .  

M a t r i x  u i t h  t h e  no rn i d i i z cd  numbers o f  hackuard t r a n s f o r c i a t i o n s .  

l l a t r i x  u i t t i  t h e  norma l i ze r i  nunbers of f o rwa rd  t r a r i s f o r i na i i o r i s .  

( l a t r i  x u i  t t i  t h e  Labour-adtled u e i g h t e d  ?urrii,ers OT t i - ans f c~ rna t  i ons .  



I l a t r i  x u i  t h  the  riorrnat i zed ~ u m l > e r s  o f  Lal.~otir-atkletl i r i i g h t e d  tiatkwat-cl 

t r a n s f o r n a t  ~OI-IS. 

N a t r i  x u i  t h  t h e  . ior i ; ia l ized numbers o t  Labour-crddetf ue i g t i t ed  f o r u a r d  

t r ans fo r i na t  ions.  

E a t r i  x u i  t t i  t l ~ c  vaLue ailtlec! ueig l i t>c l  w r ~ t l ~ e r s  cif t rdns fo r rna t  in f is .  

! l a t f i x  u i t t i  t h e  normaLize i l  nunibers o f  va l i i e  added uueig1,teii b i ~ t k \ i d l i i  

t r a n s f o t n a t  ions .  

f la t  r i  x u i  t h  t h e  norvia t i zeri quiiiberz n f  va Cue adiit-<l u e i g h t e d  f o r ~ i a r t i  

t r a n s f o r m a t  ions .  

Vec to r  ui t11 t h e  nuinbtrs o f  backuard t i ~ a n s f ~ r t i i ~ t t  iorib ( f r o m  s c r s ~ i h ) .  

.Vec to r  u i  t h  t h e  nunbers of f o rwa rd  t r ans fo rma t  i rms  ( t o  cor,suiaot i o ~ ) .  

Vec to r  n i t t i  t h e  t o t a l  Lengths o f  t he  p r i i d i ~ c t i o ~  chains.  

Vec to r  w i t h  t he  no rma l i zed  q u n i b ~ r s  o f  backuard t r .a r l t ; i~ i -n i i i t i o r i s  ( i r o i i i  

s c r a t c h ) .  

Vec to r  r i i t h  t h e  i i o rma l i zed  nurnbers o f  fo i -uard t r a n s f o r r i i ~ t  ior is  ( t o  

c o n s u m p t i o ~ ) .  

Vec to r  ilitli t h e  no r i i i a t i zed  t o t a l  Lengths o f  t h e  p r o d u c t i o ~ ?  ct ia ins. 

Vec to r  w i  t h  t h e  labuur-added u e i g h t e d  nuriibcrs o f  hackuard 

t r a n s f o r m a t i o n s  ( f r o m  s c r a t c h ) .  

Vec to r  u i  t t ~  t h e  Labour-added u e i  gli te t i  niimbers o f  f o r t i a rd  

t r a n s f o r n a t i o q s  ( t o  coqsumpt ion) .  

Vec to r  u i  t h  t h e  Labour-added v e i q h t e d  t o t a l  Lengtlts o f  t t ie  

p r o d u c t i o n  chains.  

Vec to r  w i t h  t h e  vaLue added i ~ e i g h t i d  nunibers o f  tacku; r rd  

t rans io r rc ia t ions  ( f rorn s c r a t c h ) .  



Vecto r  u i t h  t h e  

t r a r ~ s f o r n ~ a t i o n  ( t u  curtsunipt i o n  J. 

Vecto r  u i  t i l  t h e  

chains.  

va l ue  adcled ~ i e i ~ h t e d  t o t  a l  L r ~ g t h ~  o f  t t ~ e  p roduc t  i u n  

Vec to r  u i t t i  t h e  w a b e r s  o f  t h c  doniest ic p roduc t  i o n  cha ins  

(r = t, f, S: t)ackuár(i, forward, t o t a l  Lengtl i  r e s p e c t i v e l y )  r e i a t e 0  t o  a 

basket  of goods z ( z  = c, r,, x :  corisunipt iori, i r . t p o r t ~ ,  exoo r r s  

r e s p e c t i v e l y ) .  

Vector  , w i t t i  t he  nusiber o f  t n e  p r o d i i c t i t r i  chair is ( r  = h, f ,  s,: 

backuard, forward, t o t a l  Ler ig t t~  r e s p e c t i v e l  y),  i r ~ i l u d i r i g  domcst i c and 

i rnpor ted c o n t r i b u t i o ~ s ,  r e l a t e d  t o  CI basket  c > f  ~ooc i s  2 (z = c, in, x :  

consunpt ioq, intports, e x p o r t s  respec t  i v e l y )  . 

U n i t  m a t r i x .  

Surnmatioq vec to r .  

E a p l ~ y n e r i t  v e c t o r  exteqdeif  u i  t h '  a zei-o elemerit. 

Exterided v e c t o r  w i  t1.1 ernployrrrent coef  f  i c i e r i t s .  

E~ipLoynent  vec to r .  

Vec to r  u i t h  t h e  e.mpLoyinent ir, eacti i n r l u s t r y  n tvded  t o  yenera te  t t i í  

f i ná L corisurnrit io?.  

p: Vec to r  u i t h  t h e  r a t i o s  o f  t t i c  domest ic  coq t t - i b i i t i o r i s  t o  p d r t  r 

(r b, f, s: Ldckuard, forward, t o t a l  Lengtti r e s p e c t i v e l y )  o f  r he  

p r o d u c t i o n  cha ins  r e l a t e d  t o  a  basket  o f  goods z ( z  = c, m, x :  

consumpt ioq, imports,  e x p o r t s  respec t  i v e l y )  . 
- 
9 Vec to r  u i  t h  t h e  r e l a t i v e  p ~ s i t  i ons  ï r i  tlir p r u d u c t i o n  c l ,â ins.  

G a Vec to r  u i  t h  t h e  r e l a t  i v e  p s s i  t i o q s  i n  t he  w r r i a l  i recl r>rschct i o n  ct ia ir is.  



Vecto r  u i t h  t h e  r e l a t i v e  p o s i t i o n s  i n  t he  Ldt~our-ad'led w e i g t i t ~ d  

p roduc t  i o n  chairis. 

Vec to r  w i t h  t t rc  r e l a t i v e  p u s i t i o r i s  i n  t l ie va tue  a(!&d u e i g l i t e d  

p roduc t  i o n  cha i  ns. 

SycitoL i n r l i  c a t  

Lenyth)  shou ld  

Ave rage riilrnbe r 

i n g  t l iat  e i  t h e r  1, t t~ackuard ) ,  f ( f o r i i d r t l )  o r  s  i t ; ,  

be subst  i r u t e d .  

o f  hackuar t l  t r a r i s f o rma t i ons  f o r  a  hásket  o f  qoods 

( Z  = C, n, X :  consurnption, imports,  expo r t s  r e s p e c t i v e l y ) .  

Avcrage qunibrr o f  f o rwa rd  t r ans fo rma t i o r i s  f o r  a báskc t  o f  +ods z 

(Z = C, m, x: rorisumption, imports,  expc,rrs r e s p c c t i v e l j ) .  

Average p o s i t i o n  f o t  a haske t  o f  goods z  ( I  = L, m, x :  con5i11.1,ition, 

i r .~por ts ,  e x p o r t  s r espec t  i v e l y )  . 

AveraSe t o t ó l  Lel-~qtl, o f  t h e  p r o c i u c t i m  chi l i r is f o r  A basket  o f  !joods 

z  ( Z  = C, i i i ,  X :  c ~ r l s c i ~ ~ p t i o r i ,  irnports, e x p ü r t s  r e s p r c t i v e l y ) .  

Vec to r  o f  t o t a l  p r o d u c t  i o n  r e l a t e d  t o  consurnpt ion, exténded iii t h  d zcïG 

element.  

Vec to r  o f  t o t a L  p roduc t i on .  

Vec to r  o f  t o t a l  p roduc t  i o n  r é l a t r d  t o  co?su~i ipt  i c i r i .  

U n i t  vector ,  aLL r lemer i t s  a r e  ze ro  exc rp t  r he  Last  one, u l i i ch  eq i ia ls  m e .  

VaLue added v e c t o r  ex tended  u i t n  a ze ro  element.  

Extcnded v e c t o r  r r i t h  vaLue aclded c o c f f i c i r n t s .  

Vaiue added vec to r .  

Vec to r  u i  t h  vu l ue  added coef  f i c i e r i t s .  

Vec to r  w i t h  t h e  va l i i e  addecl c rea ted  durin-, p ru t luc t  ion r e L a t p J  r o  

cowurnpt i on. 



- 
w V e c t o r  u i  t h  Labou r -added  c o e f  f i c i r q t s .  

X E x ~ o r t s  v e c t o r .  

z Symbok i nd i  c a l  i n g  a  p a r t  i c u l a r  v e c t o r  r e p r e s e n t  i r i3  a h a s k e i  o f  (,úods; 

Z = C, m, x :  consumpt  ion,  i m p o r t s ,  e x p o r t s  r e s p e c t i v e l y .  
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