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GENERAL EQUIL IBRIUM MODELLING I N  SOUTH AFRICA: AN 

OVERVIEW AND APPRAISAL 

Abstract  

Since t h e  1990s, t h e r e  has b e e n  a  cons ide rab le  i nc rease  i n  t h e  use o f  

c o m p u t a b l e  genera l  e q u i l i b r i u m  (CGE) m o d e l s  i n  Sou th  A f r i ca  t o  s t u d y  a  

v a r i e t y  o f  p o l i c y  issues, spec i f ica l ly ,  d e v e l o p m e n t  p lans,  a g r i c u l t u r a l  

p rog rammes ,  t a x  p o l i c y  a n d  i n t e r n a t i o n a l  t r a d e .  T h i s  s t u d y  asks:  W h a t  is  

t h e  s t a t e  o f  c o m p u t a b l e  g e n e r a l  e q u i l i b r i u m  m o d e l l i n g  i n  Sou th  A f r i ca  

a f t e r  m o r e  t h a n  a  decade  o f  g r o w t h  a n d  d e v e l o p m e n t  a n d  w h a t  is  t h e  

way  f o r w a r d ?  

Answer ing  t h e  a b o v e  q u e s t i o n s  i s  b o t h  r e l e v a n t  a n d  s i g n i f i c a n t  f o r  t w o  

reasons .  T h e  f i r s t  i s  t h a t  such  a n  appra isa l  can  h e l p  p a v e  t h e  way  

f o r w a r d  f o r  g e n e r a l  e q u i l i b r i u m  m o d e l l i n g  i n  g e n e r a l .  T h e  advan tages  o f  

CGE m o d e l s  f o r  p o l i c y  analyses,  compared  t o  t r a d i t i o n a l  macroeconomic  

models,  a r e  n o w  w i d e l y  acknow ledged .  Genera l  e q u i l i b r i u m  mode ls  a l l o w  

f o r  c o n s i s t e n t  c o m p a r a t i v e  ana lys is  o f  p o l i c y  scenar ios  a n d  t h e y  

i n c o r p o r a t e  m ic roeconomic  mechan isms  a n d  i n s t i t u t i o n a l  f e a t u r e s  w i t h i n  

a  c o n s i s t e n t  macroeconomic  f ramework ,  a n d  a v o i d  t h e  r e p r e s e n t a t i o n  o f  

b e h a v i o u r  i n  reduced  f o r m .  T h i s  a l l o w s  ana lys i s  o f  s t r u c t u r a l  change  

u n d e r  a  v a r i e t y  o f  assumpt ions .  

T h e  second  reason  p e r t a i n s  spec i f i ca l l y  t o  p o l i c y  cha l l enges  f a c i n g  S o u t h  

A f r i ca  a n d  t h e  m o d e l l i n g  t h e r e o f .  T h e  CGE m o d e l s  o f  t h e  1990s  w e r e  

used t o  e x a m i n e  t h e  issues of t h e  d a y  such as m a c r o  s t a b i l i t y  a n d  t h e  

o p e n i n g  u p  o f  t h e  economy.  An appra isa l  o f  t h e  mode ls  w i l l  i n d i c a t e  

t h e i r  use fu lness  i n  p o l i c y  f o r m u l a t i o n  t h e n  a n d  n o w .  C u r r e n t l y  t h e  

cha l l enges  h a v e  s h i f t e d  t o  t h e  l a b o u r  market ,  e n v i r o n m e n t a l  q u e s t i o n s  

a n d  s u b - n a t i o n a l  issues a n d  a  t i m e l y  o v e r v i e w  m a y  h e l p  t o  i n d i c a t e  t h e  

w a y  f o r w a r d  f o r  CGE mode l le rs .  



BEREKENBARE ALGEMENE E W E W I G S M O D E L L E R I N G  I N  S U I D -  

A F R I K A :  'n O O R S I G  E N  W A A R D E R I N G  

Opsomming 

S e d e r t  d i e  1990s, was daar  'n a a n m e r k l i k e  t o e n a m e  i n  d i e  g e b r u i k  v a n  

be rekenbare  a l g e m e n e  ewewigsmode l le  i n  Su id -A f r i ka  o m  'n  w y e  

ve rske idenhe id  be le idskwess ies  t e  bestudeer ,  m e e r  spes i f iek ,  

on tw ikke l i ngsp lanne ,  l andbouprogramme,  b e l a s t i n g b e l e i d  e n  

i n t e r n a s i o n a l e  hande l .  H i e r d i e  s t u d i e  v ra  d i e  v rae :  W a t  i s  d i e  t o e s t a n d  

v a n  be rekenbare  a l g e m e n e  e w e w i g s m o d e l l e r i n g  i n  Su id -A f r i ka  n a  meer  as 

' n  dekade  v a n  g r o e i  e n  o n t w i k k e l i n g  e n  w a t  is  d i e  w e g  v o r e n t o e ?  

Om d i e  bogenoemde v r a e  t e  b e a n t w o o r d  is  b e i d e  t o e p a s l i k  e n  b e d u i d e n d  

v i r  t w e e  redes .  D i e  e e r s t e  r e d e  is  d a t  so ' n  w a a r d e r i n g  d i e  weg  v i r  

a l g e m e n e  e w e w i g s m o d e l l e r i n g  i n  d i e  a lgemeen  kan  h e l p  u i t l e .  D i e  

v o o r d e l e  v a n  a lgemene  e w e w i g s m o d e l l e  v i r  be le idson t led ing ,  i n  

v e r g e l y k i n g  m e t  t r a d i s i o n e l e  m a k r o - e k o n o m i e s e  model le ,  w o r d  n o u  

w y d v e r s p r e i d  e rken .  A lgemene  e w e w i g s m o d e l l e  l a a t  k o n s t a n t e  

v e r g e l y k e n d e  ana l i se  v a n  be le idscenar ios  t o e  e n  h u l l e  i n k o r p o r e e r  m i k r o -  

ekonomiese  megan ismes  e n  i n s t i t i s i o n e l e  k e n m e r k e  b i n n e  ' n  k o n s t a n t e  

makro -ekonomiese  r a a m w e r k  e n  v e r m y  d i e  v e r t e e n w o o r d i g i n g  v a n  g e d r a g  

i n  v e r e e n v o u d i g d e  vo rm.  D i t  l a a t  d i e  ana l i se  v a n  s t r u k t u r e l e  v e r a n d e r i n g  

o n d e r  ' n  ve rske idenhe id  v e r o n d e r s t e l l i n g s  t o e .  

D ie  t w e e d e  r e d e  h e t  spes i f i ek  t e  d o e n  m e t  b e l e i d s u i t d a g i n g s  w a t  Su id-  

A f r i k a  i n  d i e  ges ig  s taa r  e n  d i e  m o d e l l e r i n g  daarvan .  D i e  a lgemene  

e w e w i g s m o d e l l e  v a n  d i e  1990s  is  g e b r u i k  o m  d i e  k n e l p u n t e  v a n  d i e  d a g  

t e  bestudeer ,  soos m a k r o - s t a b i l i t e i t  e n  d i e  oopmaak  v a n  d i e  e k o n o m i e .  ' n  

Waarder ing  v a n  d i e  m o d e l l e  sa l  d i e  n u t t i g h e i d  d a a r v a n  v i r  

b e l e i d s f o r m u l e r i n g  aandu i  d a n  e n  nou .  H u i d i g l i k  h e t  d i e  u i t d a g i n g s  

g e s k u i f  n a  d i e  arbe idsmark ,  o m g e w i n g s -  e n  sub-nas iona le-kwess ies ,  e n  

' n  t y d i g e  o o r s i g  k a n  h e l p  o m  d i e  p a d  v o o r e n t o e  v i r  a l g e m e n e  

ewewigsmode l lee rde rs  a a n  t e  d u i .  



CHAPTER 1 

INTRODUCTION AND PROBLEM STATEMENT 

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

"Genera l  e q u i l i b r i u m  (GE)  m o d e l l i n g  r e f e r s  t o  a n  a n a l y t i c a l  approach  

w h e r e  t h e  economy is  r e g a r d e d  as  a  c o m p l e t e  sys tem o f  i n t e r d e p e n d e n t  

c o m p o n e n t s  ( d i f f e r e n t  markets ,  indust r ies ,  households ,  e t c . )  a n d  a l l  

dec is ions  a r e  t a k e n  accord ing  t o  f u l l y  o p t i m i s i n g  behav iou r "  (Rumler ,  

1999:3) .  Economic  shocks, wh ich  m i g h t  h a v e  a n  e f f e c t  o n  a n y  o n e  o f  

t h e s e  components ,  may  p r o d u c e  repercuss ions  t h r o u g h o u t  t h e  w h o l e  

s y s t e m .  T h e  e f f e c t s  o f  such shocks can  b e  assessed b y  m e a s u r i n g  t h e  

repercuss ions  t h a t  a r e  t r i g g e r e d  b y  shock ing  t h e  sys tem i n  va r ious  ways 

(Bannock,  Bax te r  a n d  Davis, 1998:173) .  

T h e  u n i q u e  charac te r i s t i cs  o f  GE m o d e l l i n g  d r a w  f r o m  t h e  Wa l ras ian  

g e n e r a l  economic  e q u i l i b r i u m  t h e o r y  i n  w h i c h  t h e  economy is  cons ide red  

as a  se t  o f  agents,  i n t e r a c t i n g  i n  severa l  m a r k e t s  f o r  a n  equa l  n u m b e r  o f  

c o m m o d i t i e s  u n d e r  a  g i v e n  se t  o f  i n i t i a l  e n d o w m e n t s  a n d  i n c o m e  

d i s t r i b u t i o n  w i t h i n  wh ich  each  a g e n t  l abe ls  i n d i v i d u a l l y  h i s  supp ly  o r  

d e m a n d  b e h a v i o u r  (Rumler,  1999) .  O p t i m i s i n g  o w n  u t i l i t y ,  p r o f i t  o r  cos t  

o b j e c t i v e s  does  t h i s .  A  s e t  o f  excess supp ly  f u n c t i o n s  t h a t  f u l f i l  t h e  

Wa l ras  law, i .e.,  t h e  g l o b a l  i d e n t i t y  o f  i ncomes  a n d  expend i tu res ,  a r e  

p r o d u c e d  b y  t h e s e  dec is ions.  A r row a n d  Debreu  (1954)  a n d  o t h e r s  h a v e  

p r o v e d  t h a t ,  u n d e r  some g e n e r a l  cond i t i ons ,  t h e r e  ex i s t s  a  s e t  o f  p r i ces  

t h a t  b r i n g  s u p p l y  a n d  d e m a n d  i n t o  e q u i l i b r i u m .  

CGE mode ls  a r e  ca l l ed  " c o m p u t a b l e "  i n  t h a t  t h e y  p roduce  n u m e r i c a l  

r e s u l t s  t o  GE models .  "Th is  means  t h a t  t h e  c o e f f i c i e n t s  a n d  p a r a m e t e r s  

(e las t i c i t i es )  o f  t h e  m o d e l  a r e  e s t i m a t e d  by  m a k i n g  use o f  r e a l  w o r l d  

d a t a "  (Rumler,  1999 :3 ) .  CGE mode ls  d e t e r m i n e  changes,  a t  t h e  same 

t ime ,  i n  q u a n t i t i e s  o f  goods  supp l ied  a n d  demanded,  a n d  t h e i r  p r ices ,  i n  

a n  a g g r e g a t e d  m u l t i - s e c t o r a l  a n d  m u l t i - a g e n t  s e t u p  a n d  a r e  used for ,  



a m o n g s t  o the rs ,  c o m p a r a t i v e  s t a t i c  analysis,  t o  s i m u l a t e  t h e  e f f e c t s  o f  

shocks t o  t h e  economy a n d  p r o d u c e  n u m e r i c a l  resu l t s .  

T h e  d e v e l o p m e n t  o f  CGE m o d e l s  has h a d  a  l o n g  t r a d i t i o n  i n  e m p i r i c a l  

economics  (Rumler ,  1999 :3 ) .  T h e  1970s w e r e  m a r k e d  b y  d e v e l o p m e n t s  o f  

t h e o r e t i c a l  p r o p o s i t i o n s  on  t h e  ex is tence,  un iqueness,  o p t i m a l i t y  a n d  

s t a b i l i t y  o f  s o l u t i o n s  t o  GE models,  b u t  t h e  f i r s t  CGE m o d e l  c r e d i t e d  t o  

l o h a n s e n  a l ready  d a t e s  back  t o  1960'. Since t h e n  CGE mode ls  h a v e  b e e n  

used  as a  p o w e r f u l  t e c h n i q u e  f o r  q u a n t i t a t i v e  ana lys i s  o f  a  g r e a t  v a r i e t y  

o f  ques t ions .  Some o f  t h e s e  i n c l u d e  ana lys ing  t h e  e f f e c t s  o n  indus t r i es ,  

regions,  t h e  l a b o u r  market ,  i n c o m e  a n d  we l fa re .  

S ince l o h a n s e n ,  CGE m o d e l s  have  e v o l v e d  o u t  o f  a n d  h a v e  c o m b i n e d  

d i f f e r e n t  m o d e l l i n g  t r a d i t i o n s .  Johansen's M u l t i s e c t o r a l  G r o w t h  (MSG) 

model ,  wh ich  was  b u i l t  f o r  Norway,  was a  c o m b i n a t i o n  o f  t h e  d y n a m i c  

i n p u t - o u t p u t  m o d e l  w i t h  macroeconomic  p r o d u c t i o n  a n d  c o n s u m p t i o n  

func t ions ,  t h u s  e x p a n d i n g  t h e  i n p u t - o u t p u t  m o d e l  w i t h  r e l a t i v e  p r i c e -  

d r i v e n  s u b s t i t u t i o n  p o t e n t i a l .  T h i s  p i o n e e r i n g  w o r k  sparked  t h e  

d e v e l o p m e n t  o f  many  m o d e l s  b o t h  i n  Norway  (see, f o r  example ,  Longva, 

Lo ren tsen  a n d  Olsen, 1985), a n d  e l s e w h e r e  (see, f o r  example,  t h e  ORANI 

m o d e l  i n  Aust ra l ia ,  D i x o n  et a/. ,  1982) .  CGE mode ls  a r e  nowadays  

r e g u l a r l y  a n d  w i d e l y  used  t o  e v a l u a t e  t h e  e f f e c t s  o f  economic  p o l i c y  

o p t i o n s  a n d  e x t e r n a l  shocks (Kehoe  a n d  Kehoe, 1994:2) .  Th is  r e p u t a t i o n  

s tems  f r o m  p r a c t i c a l  a n d  t h e o r e t i c a l  needs i n  economics  f o r  n u m e r i c a l  

s imula t ions,  n o t  l eas t  because o f  t h e  f a c t  t h a t  p a r t i a l  e q u i l i b r i u m  

ana lyses a r e  u n s u i t a b l e  w h e n  po l i c ies  a n d  shocks have  s i g n i f i c a n t  

feedback  e f f e c t s  (Bandara,  1991:5) .  

O f  l a t e  d y n a m i c  CGE mode ls  h a v e  a l s o  been  p u t  f o r t h ,  e n a b l i n g  

researchers  t o  address  a l s o  m u l t i - p e r i o d  (dynamic )  p r o b l e m s  b y  means  o f  

n u m e r i c a l  GE ana lys i s .  F a c i l i t a t e d  b y  t h e  e x p l i c i t  r e p r e s e n t a t i o n  o f  

marke ts ,  CGE m o d e l s  h a v e  a l so  been  e x t e n d e d  b e y o n d  t h e  o r i g i n a l  

Wa l ras ian  f r a m e w o r k  t o  m o d e l  m a r k e t  i m p e r f e c t i o n s  a n d  o t h e r  economic  

' Dixon and Parmenter (1996) consider the lohansen model with its 20 cost-minimising industries and one utility- 
maximising household sector the first true CGE model. The input-output models of Lwntief and others in the 1930s can 
be regarded as vital forerunners of CGE models. 



mechan isms  t h a t  d e v i a t e  f r o m  t h e  o r i g i n a l  GE s tandard .  As a  r e s u l t  o f  

th is,  some a u t h o r s  used t h e  t e r m  "genera l i sed  e q u i l i b r i u m  m o d e l l i n g "  

(Nesb i t t ,  1984)  o r  "genera l  e q u i l i b r i u m  p r o g r a m m i n g "  (Zalai ,  1982)  t o  

u n d e r l i n e  t h e  f l e x i b i l i t y  o f  t h e  CGE mode ls .  

I n  S o u t h  Afr ica,  Naude a n d  Br i xen  (1993a; 1 9 9 3 b )  w e r e  t h e  f i r s t  t o  use 

t h e  CGE a p p r o a c h  t o  ana lyse  p o l i c y  ques t ions .  T h e i r  m o d e l  was e x t e n d e d  

by  t h e  I n d u s t r i a l  Deve lopment  C o r p o r a t i o n  ( I D C )  i n t o  IDCGEM (see 

J o u b e r t  e t  a/., 1994; H o r r i d g e  e t  a/., 1995,1996).  T h e  IDCGEM i s  t h e  

l a r g e s t  a n d  m o s t  f r e q u e n t l y  used CGE m o d e l  i n  S o u t h  A f r i ca  (Bur rows,  

1995),  a n d  has  been  used, a m o n g s t  o t h e r  app l i ca t ions ,  t o  i n f o r m  Sou th  

A f r i ca ' s  GATT n e g o t i a t i o n s .  

S ince t h e  e a r l y  e f f o r t s  o f  Naude a n d  Br ixen,  e c o n o m y - w i d e  p o l i c y  

ana lys i s  i n  S o u t h  A f r i ca  has seen a  cons ide rab le  i nc rease  i n  t h e  use o f  

CGE m o d e l s  a n d  h a v e  s i g n i f i c a n t l y  c o n t r i b u t e d  t o  t h e  l o c a l  p o l i c y  m a k i n g  

process.  A d y n a m i c  o n e  sec to r  CGE m o d e l  o f  t h e  Sou th  A f r i c a n  economy 

was  d e v e l o p e d  b y  Gelb  et a/. (1992)  a n d  based  o n  a n  a g g r e g a t e  soc ia l  

a c c o u n t i n g  m a t r i x  (SAM) f o r  t h e  year  1990.  T h i s  m o d e l  was used t o  

e v a l u a t e  t h e  i m p a c t  o f  a  n e g a t i v e  e x t e r n a l  shock  t o  t h e  economy, as w e l l  

as a  p r o g r a m m e  o f  g o v e r n m e n t  s t i m u l i .  Moreover ,  a  r i g id ,  a l b e i t  

m u l t i s e c t o r a l ,  m o d e l l i n g  t e m p l a t e  was d e v e l o p e d  b y  Naude a n d  Br i xen  

( 1 9 9 3 )  a t  t h e  Wor ld  Bank t o  examine  t h e  i m p a c t  o f  a n  inc rease  i n  

g o v e r n m e n t  expend i tu re ,  e x p o r t  demand,  w o r l d  pr ice ,  a n d  a  l o w e r i n g  o f  

i m p o r t  t a r i f f s  u n d e r  va r ious  se ts  o f  c losu re  ru les .  T a r p  a n d  Br i xen  ( 1 9 9 6 )  

a p p l i e d  t h e  I M F  f i n a n c i a l  p r o g r a m m i n g  m o d e l  a n d  t h e  Wor ld  Bank's 

r e v i s e d  m i n i m u m  s t a n d a r d  m o d e l  t o  t h e  S o u t h  A f r i c a n  economy a n d  

s i m u l a t e d  exchange  r a t e  deva lua t ions ,  e x t e r n a l  b o r r o w i n g  by  t h e  

government ,  a n d  h i g h e r  i n t e r n a t i o n a l  reserves.  T h e  m o d e l l i n g  

f r a m e w o r k s  o f  t h e s e  m o d e l s  w e r e  based o n  a  s ing le  sec to r  a c c o u n t i n g  

f r a m e w o r k  t h a t  could,  fundamenta l l y ,  b e  r e p r e s e n t e d  i n  a  SAM f o r m a t .  

Later ,  severa l  l a rge -sca le  m u l t i s e c t o r a l  CGE m o d e l s  o f  t h e  Sou th  A f r i can  

e c o n o m y  w e r e  deve loped  b y  t h e  I D C  (Coetzee et a/., 1997), t h e  W o r l d  

Bank/OECD ( v a n  d e r  Mensbrugghe, 1995; D e v a r a j a n  a n d  v a n  d e r  

Mensbrugghe,  2000), a n d  t h e  D e v e l o p m e n t  Bank  o f  S o u t h e r n  A f r i ca  



(DBSA) (Gibson a n d  v a n  Seventer ,  1996a), w h i c h  w e r e  used i n  n u m e r o u s  

a p p l i c a t i o n s  i n c l u d i n g :  i n v e s t i g a t i o n s  i n t o  t r a d e  l i be ra l i sa t ion ;  g r e e n  

t r a d e  res t r i c t i ons ;  c u r r e n c y  deva lua t ions ;  a n d  g o v e r n m e n t  e x p e n d i t u r e  

a n d  r e s t r u c t u r i n g  ( s e e  f o r  examp le  Cameron et d l . ,  1994; Gibson a n d  v a n  

Seventer,  1996b, 1997a, 1997b) .  Yet, t h e  use  o f  CGE mode ls  i n  S o u t h  

A f r i ca  h a v e  d e c l i n e d  a n d  t h e  m o s t  r e c e n t  a p p l i c a t i o n s  o f  CGE ana lys i s  

h a v e  been  deve loped  o u t s i d e  t h e  c o u n t r y  a n d  m a i n l y  b y  t h e  W o r l d  Bank 

(see  A r n d t  a n d  Lewis, 2000, a n d  Lewis, 2001) .  I n  t h e  p a s t  t w o  t o  t h r e e  

years  t h e r e  has a l s o  b e e n  inc reased  loca l  i n t e r e s t .  At t h e  b i - a n n u a l  

con fe rence  o f  t h e  Economic  Soc ie ty  o f  S o u t h  A f r i ca  i n  2003, n i n e  papers  

on  CGE m o d e l l i n g  w e r e  p resen ted .  These  r e n e w e d  e f f o r t s  a r e  t o  a  l a r g e  

e x t e n t  b e i n g  lead  b y  academics  f r o m  Pre to r ia  U n i v e r s i t y  (see De W e t  a n d  

Van Heerden, 2002; 2003;  Kearney,  2002; 2003) .  

Thus, i n  t h e  l a s t  1 0  t o  15 years, a  n u m b e r  o f  p r a c t i c a l l y  u s e f u l  CGE 

mode ls  h a v e  been  d e v e l o p e d  t o  s t u d y  a  w i d e  r a n g e  o f  p o l i c y  a reas  i n  

w h i c h  s impler ,  p a r t i a l  e q u i l i b r i u m  t o o l s  w o u l d  n o t  b e  sa t i s fac to ry .  GE 

mode ls  h a v e  been  used t o  s t u d y  a  v a r i e t y  o f  p o l i c y  issues, i n c l u d i n g  t a x  

pol ic ies,  d e v e l o p m e n t  p lans,  a g r i c u l t u r a l  p rogrammes,  i n t e r n a t i o n a l  

t rade ,  energy  a n d  e n v i r o n m e n t a l  po l i c ies  a n d  so on.  A r a n g e  o f  

m a t h e m a t i c a l  f o r m u l a t i o n s  a n d  m o d e l  s o l u t i o n  t e c h n i q u e s  has  b e e n  used 

i n  t h e s e  m o d e l l i n g  exper iences .  T h e  p r a c t i c e  o f  m o d e l  b u i l d i n g  i t s e l f  has 

become inc reas ing ly  sys temat i sed ,  as r e f l e c t e d  f o r  ins tance,  i n  t h e  

inc reas ing  use o f  s t a n d a r d  c o m p u t e r  packages such as  GAMS (Genera l  

A lgebra ic  Mode l l i ng  System) a n d  GEMPACK (Genera l  E q u i l i b r i u m  

Mode l l i ng  So f tware ) .  

CGE mode ls  have  b e e n  used  t o  i n f o r m  p o l i c y  i n  a  n u m b e r  o f  c o u n t r i e s  

a n d  m a y  p l a y  a  s i g n i f i c a n t  r o l e  i n  f u t u r e  p o l i c y  f o r m u l a t i o n  i n  S o u t h  

A f r i ca .  I n  a n  a t t e m p t  t o  i m p r o v e  t h e  c a p a c i t y  t o  u n d e r t a k e  e c o n o m y -  

w i d e  p o l i c y  ana lys is  u s i n g  CGE m o d e l s  i n  Sou th  Afr ica,  i t is  i m p o r t a n t  t o  

l o o k  back  a t  w h a t  has  b e e n  ach ieved  over  t h e  p a s t  yea rs  t o  c o n s o l i d a t e  

a  base f o r  f u t u r e  m o d e l l i n g  e f f o r t s .  



1.2 PROBLEM STATEMENT 

Since  t h e  1990s, t h e r e  has been  a  cons ide rab le  i nc rease  i n  t h e  use o f  

c o m p u t a b l e  g e n e r a l  e q u i l i b r i u m  mode ls  i n  S o u t h  A f r i ca  t o  s t u d y  a  v a r i e t y  

o f  p o l i c y  issues, spec i f ica l ly ,  d e v e l o p m e n t  plans, a g r i c u l t u r a l  

p rog rammes ,  t a x  p o l i c y  a n d  i n t e r n a t i o n a l  t r a d e .  Now, o n e  m i g h t  ask :  

W h a t  i s  t h e  s t a t e  o f  c o m p u t a b l e  g e n e r a l  e q u i l i b r i u m  m o d e l l i n g  i n  S o u t h  

A f r i ca  a f t e r  m o r e  t h a n  a  decade  o f  g r o w t h  a n d  d e v e l o p m e n t  a n d  w h a t  is  

t h e  way  f o r w a r d ?  

1.3 M O T I V A T I O N  OF THE STUDY 

Answer ing  t h e  a b o v e - m e n t i o n e d  q u e s t i o n s  is  b o t h  r e l e v a n t  a n d  

s i g n i f i c a n t  f o r  t w o  reasons.  The  f i r s t  i s  t h a t  such  a n  appra isa l  can  h e l p  

p a v e  t h e  way  f o r w a r d  f o r  g e n e r a l  e q u i l i b r i u m  m o d e l l i n g  i n  genera l .  T h e  

advan tages  o f  CGE m o d e l s  f o r  p o l i c y  analyses,  c o m p a r e d  t o  t r a d i t i o n a l  

m a c r o - e c o n o m i c  models,  a r e  now w i d e l y  acknow ledged .  Genera l  

e q u i l i b r i u m  mode ls  a l l o w  f o r  cons is ten t  c o m p a r a t i v e  ana lys i s  o f  p o l i c y  

scenar ios  by  s t a n d a r d i s i n g  t h e i r  o u t c o m e  a r o u n d  t h e  c o n c e p t  o f  a n  

e q u i l i b r i u m  p o i n t  f u l f i l l i n g  t h e  same cons is tency  c r i t e r i a .  I n  add i t ion ,  t h e  

CGE m o d e l s  i n c o r p o r a t e  m ic roeconomic  mechan isms  a n d  i n s t i t u t i o n a l  

f e a t u r e s  w i t h i n  a  c o n s i s t e n t  macroeconomic  f ramework ,  a n d  a v o i d  t h e  

r e p r e s e n t a t i o n  o f  behav iou r  i n  r e d u c e d  f o r m .  T h i s  a l l o w s  ana lys i s  o f  

s t r u c t u r a l  change  u n d e r  a  v a r i e t y  o f  assumpt ions .  

T h e  second reason  p e r t a i n s  spec i f i ca l l y  t o  p o l i c y  cha l l enges  f a c i n g  Sou th  

A f r i ca  a n d  t h e  m o d e l l i n g  t h e r e o f .  T h e  CGE m o d e l s  o f  t h e  1990s w e r e  

used  t o  e x a m i n e  t h e  issues o f  t h e  d a y  such as  m a c r o  s t a b i l i t y  a n d  t h e  

o p e n i n g  u p  o f  t h e  economy.  An appra isa l  o f  t h e  m o d e l s  w i l l  i n d i c a t e  

t h e i r  use fu lness  i n  p o l i c y  f o r m u l a t i o n  t h e n  a n d  now.  C u r r e n t l y  t h e  

cha l l enges  h a v e  s h i f t e d  t o  t h e  l a b o u r  market ,  e n v i r o n m e n t a l  q u e s t i o n s  

a n d  s u b - n a t i o n a l  issues a n d  a  t i m e l y  o v e r v i e w  m a y  h e l p  t o  i n d i c a t e  t h e  

way  f o r w a r d  f o r  CGE mode l le rs .  



1.4 OBJECTIVES 

. T o  p r o v i d e  a n  o v e r v i e w  o f  CGE model l ing ,  t h e  s t r u c t u r e  o f  t h e  

models,  shocks used a n d  t y p i c a l  r e s u l t s  f r o m  t h e  l i t e r a t u r e .  . T o  use t h e  o v e r v i e w  t o  d r a w  u p  a  c l a s s i f i c a t i o n  a n d  e v a l u a t i o n  

f r a m e w o r k  f o r  CGE models .  . T o  c lass i f y  a n d  e v a l u a t e  t h e  CGE mode ls  w h i c h  have  been  used  i n  

t h e  Sou th  A f r i c a n  c o n t e x t .  T h e  focus  w i l l  b e  spec i f i ca l l y  o n  t h e  

mode ls  d e r i v e d  f r o m  t h e  IDCGEM f r a m e w o r k  s ince it is  t h e  m o s t  

w i d e l y  used m o d e l  i n  S o u t h  A f r i ca .  

T o  appra ise  t h e  CGE m o d e l l i n g  e f f o r t s  o f  t h e  p a s t  f i f t e e n  years  

a n d  i n d i c a t e  t h e  way  f o r w a r d  f o r  CGE m o d e l l i n g  i n  Sou th  Af r ica .  

1.5 METHODOLOGY 

The  s t u d y  w i l l  compr i se  o f  a  l i t e r a t u r e  s t u d y  o f  CGE m o d e l l i n g  i n  Sou th  

Af r ica ,  ana lys ing,  c lass i f y ing  a n d  a p p r a i s i n g  e a r l i e r  w o r k .  T o  m y  

know ledge ,  t h i s  t h e s i s  r e p r e s e n t s  t h e  f i r s t  a t t e m p t  t o  g i v e  a n  o v e r v i e w  

a n d  appra isa l  o f  CGE m o d e l l i n g  i n  t h e  Sou th  A f r i c a n  c o n t e x t .  

1.6 OUTLINE OF THE STUDY 

I n  c h a p t e r  1: I n t r o d u c t i o n ,  p r o b l e m  s ta tement ,  a n d  m o t i v a t i o n .  

I n  c h a p t e r  2:  Rev iew o f  CGE m o d e l l i n g  

I n  c h a p t e r  3:  C lass i f i ca t i on  a n d  e v a l u a t i o n  f r a m e w o r k .  

I n  c h a p t e r  4 :  CGE m o d e l l i n g  i n  Sou th  Af r ica .  

I n  c h a p t e r  5 :  Conc lus ion,  recommenda t ions ,  a n d  t h e  way f o r w a r d .  

T h e  s t u d y  is  o r g a n i s e d  as f o l l o w s :  Chap te r  2 g i ves  a  r e v i e w  o f  CGE 

m o d e l l i n g  by  l o o k i n g  a t  CGE models,  t h e i r  s t ruc tu re ,  shocks used  a n d  

t y p i c a l  r e s u l t s  f r o m  t h e  l i t e r a t u r e .  T h i s  w i l l  t h e n  b e  used t o  d r a w  u p  a  

c l a s s i f i c a t i o n  a n d  e v a l u a t i o n  f r a m e w o r k  f o r  CGE m o d e l s  i n  c h a p t e r  3.  I n  



Chapte r  2, a  f r a m e w o r k  o f  t h e  t ypes  o f  i n f o r m a t i o n  e m b o d i e d  i n  a  CGE 

model ,  n a m e l y  ana ly t i ca l ,  f u n c t i o n a l  a n d  numer ica l ,  i s  g iven,  as  w e l l  as 

c o m m e n t s  o n  CGE l i t e r a t u r e .  

Chap te r  3 g i ves  a  d e f i n i t i o n  a n d  c l a s s i f i c a t i o n  o f  CGE mode l l i ng ,  based 

o n  t h e  h i s t o r i c a l  d e v e l o p m e n t  o f  e m p i r i c a l  CGE analysis,  t h e  

s p e c i f i c a t i o n  o f  d i f f e r e n t  mode ls  a n d  t h e  d e t e r m i n a t i o n  o f  pa ramete rs ,  i n  

o r d e r  t o  d r a w  u p  a  c lass i f i ca t i on  a n d  e v a l u a t i o n  f r a m e w o r k  f o r  CGE 

models .  

In c h a p t e r  4 t h e  c l a s s i f i c a t i o n  a n d  e v a l u a t i o n  f r a m e w o r k  d r a w n  u p  i n  

c h a p t e r  3 is  used  t o  c lass i f y  a n d  e v a l u a t e  t h e  CGE m o d e l s  t h a t  h a v e  

b e e n  used i n  t h e  S o u t h  A f r i can  c o n t e x t .  T h e  f o c u s  is  spec i f i ca l l y  o n  t h e  

mode ls  d e r i v e d  f r o m  t h e  IDCGEM f r a m e w o r k  s ince  it is  t h e  m o s t  w i d e l y  

used  m o d e l  i n  Sou th  Af r ica ,  b u t  o t h e r  m e t h o d o l o g i e s  a r e  a l so  b r i e f l y  

r e v i e w e d .  

Chap te r  5 conc ludes  t h i s  s t u d y  a n d  rev iews  t h e  m a i n  recommenda t ions  

made .  F u r t h e r  research  poss ib i l i t i es  a r e  a l so  p resen ted .  



CHAPTER 2 

REVIEW OF CGE MODELLING 

2.1 INTRODUCTION 

C o m p u t a b l e  g e n e r a l  e q u i l i b r i u m  m o d e l s  have  become workhorses  f o r  

p o l i c y  ana lys i s  s ince  t h e y  a r e  p a r t i c u l a r l y  s u i t e d  f o r  a n s w e r i n g  'what  i f "  

q u e s t i o n s :  W h a t  if p r o d u c t i v i t y  i n  a g r i c u l t u r e  increased, w h a t  i f  f o r e i g n  

d e m a n d  f o r  e x p o r t s  fa l l ,  w h a t  if emiss ions  a r e  t a x e d ?  Po l i cymakers  a r e  

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

measures,  b u t  o f t e n  t h e s e  e f f e c t s  a r e  s t u d i e d  o n l y  i n  p a r t i a l  s e t t i n g .  T h e  

CGE m o d e l s  h a v e  t h e  a d v a n t a g e  t h a t  t h e  poss ib le  e f f e c t s  o f  spec i f i c  

p o l i c y  measures  can  b e  e x a m i n e d  w i t h o u t  t h e  excess ive s i m p l i f i c a t i o n  

a n d  a g g r e g a t i o n  o f  p a r t i a l  e q u i l i b r i u m  ana lys i s .  

CGE ana lys i s  is  b u i l t  o n  t h e  idea t h a t  e v e n t s  i n  o n e  s e c t o r  o f  t h e  

economy w i l l  h a v e  f l o w - o n  i m p a c t s  o n  t h e  o t h e r  economic  sectors .  

Sequent ia l ly ,  t h e  i m p a c t s  o n  t h e s e  o t h e r  sec to rs  may  h a v e  n o t i c e a b l e  

feedback  e f f e c t s  o n  t h e  o r i g i n a l  sector ,  t h u s  c a p t u r i n g  t h e  i m p a c t s  o f  a  

p o l i c y  change  o r  spec i f i c  e v e n t  o n  a l l  p a r t s  o f  t h e  economy,  by  

i n t e g r a t i n g  feedback  f r o m  a l l  those,  w h i l e  r e c o g n i s i n g  e c o n o m y - w i d e  

c o n s t r a i n t s .  CGE mode ls  enab le  t h e  m o d e l l e r  t o  t a k e  i n t o  a c c o u n t  

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

measures.  Fu r the rmore ,  a  CGE m o d e l l i n g  f r a m e w o r k  exp la ins  t h e  

c o m p l e x i t y  o f  m i c r o - m a c r o  i n t e r r e l a t i o n s h i p s  w i t h  m o r e  accuracy  (Clark, 

D e n t  a n d  Watts,  2004) .  

Wh i le  t h e  a r t  o f  CGE m o d e l l i n g  used  t o  b e  a  f i e l d  f o r  a  sma l l  g r o u p  o f  

spec ia l is ts ,  t h e  d e v e l o p m e n t  o f  m o d e r n  i n f o r m a t i o n  t e c h n o l o g y  ( I T )  a n d  

s u i t a b l e  s o f t w a r e  has  m a d e  t h i s  p a r t i c u l a r  t o o l  o f  economic  ana lys i s  

access ib le  t o  a  w i d e  g r o u p  o f  economis ts .  I n  pa r t i cu la r ,  GEMPACK a n d  

GAMS h a v e  p r o v i d e d  t h e  n o n - s p e c i a l i s t  w i t h  p o w e r f u l  t o o l s  b o t h  f o r  

p r o g r a m m i n g  a n d  f o r  o b t a i n i n g  n u m e r i c a l  s o l u t i o n s  t o  CGE mode ls .  



Fur the rmore ,  t h e  o rgan isa t ion  o f  n a t i o n a l  accoun t ing  d a t a  i n  t h e  f o r m  o f  

SAMs has made  t h e  c o n s t r u c t i o n  o f  t h e  emp i r i ca l  basis o f  CGE mode ls  a 

feas ib le  task.  

From t h i s  c o m p u t a t i o n a l  base, va r ious  mode ls  have been  b u i l t  and  

a p p l i e d  t o  address a v a r i e t y  o f  po l i cy  issues. Each m o d e l  has i t s  o w n  

advan tages  as w e l l  as l im i ta t ions .  D u r i n g  t h e  l a s t  decade o r  so, t h e r e  

has been  a n  increase o f  genera l  e q u i l i b r i u m  models  deve loped  f o r  

deve lop ing  as w e l l  as  deve loped  c o u n t r i e s  ( I q b a l  and  Siddiqui ,  2001) .  

T h e  f i r s t  se r ious  a t t e m p t  t o  use a l a r g e  CGE mode l  t o  s tudy  a rea l  

economy was t h a t  o f  Johansen (1960) .  For severa l  years  fo l lowing,  CGE 

models  d i d  n o t  rece ive  much  a t t e n t i o n .  Then, Shoven a n d  Whal ley  

(1972),  Whal ley  (1975, 1977), Shoven (1976),  and  M i l l e r  a n d  Spencer 

(1977),  p roduced  among t h e  ear l i es t  p o l i c y - o r i e n t e d  CGE stud ies .  

Subsequent ly,  t h e  number  o f  CGE models  o f  n a t i o n a l  economies  

exp loded .  

"Desp i te  t h e i r  popu la r i t y ,  CGE models  a r e  f r e q u e n t l y  c r i t i c i sed  f o r  

r e s t i n g  o n  weak e m p i r i c a l  founda t ions ,  p a r t i c u l a r l y  f o r  e s t i m a t e s  o f  

behav iou ra l  pa ramete rs "  (Shoven and  Whalley, 1992; McKitr ick,  1998) .  

T h e  p r o b l e m  is  n o t  c o n f i n e d  t o  CGE models,  b u t  has been  recogn ised  f o r  

comp lex  s i m u l a t i o n  mode ls  i n  genera l  (Schmalensee e t  at.,  1998) .  

T h e r e f o r e  it is  necessary  t o  a lso focus  o n  t h e  c u r r e n t  s h o r t c o m i n g s  o f  

CGE m o d e l l i n g  t o  i d e n t i f y  and  one day e l i m i n a t e  these  c r i t i c i sms .  

Th is  chap te r  g i ves  a r e v i e w  o f  CGE m o d e l l i n g  b y  l o o k i n g  a t  CGE models,  

t h e  s t r u c t u r e  o f  t h e  models,  shocks used a n d  t y p i c a l  resu l t s  f r o m  t h e  

l i t e r a t u r e .  Th is  w i l l  b e  used t o  d r a w  u p  a c lass i f i ca t ion  a n d  e v a l u a t i o n  

f r a m e w o r k  f o r  CGE models  i n  t h e  n e x t  chap te r .  T h e  p l a n  o f  t h e  chap te r  

is  as  f o l l o w s .  Fo l low ing  t h e  in t roduc t ion ,  Sect ion 2 g i ves  a f r a m e w o r k  o f  

t h e  t y p e s  o f  i n f o r m a t i o n  embod ied  i n  a CGE model ,  namely  ana ly t ica l ,  

f u n c t i o n a l  a n d  numer ica l .  Comments  on CGE l i t e r a t u r e  a r e  g i v e n  i n  

Sect ion 3 a n d  f ina l ly ,  i n  sec t ion  4 some conc lud ing  remarks  a r e  

p resen ted .  



2.2 COMPUTABLE GENERAL EQUIL IBRIUM MODELS 

Genera l  e q u i l i b r i u m  r e f e r s  t o  t h e  s t u d y  o f  mode ls  where  e q u i l i b r i u m  is  

o b t a i n e d  i n  m o r e  t h a n  one  m a r k e t  s imu l taneous ly .  Theore t i ca l  genera l  

e q u i l i b r i u m  mode ls  (deve loped  by Wal ras (1874)  a n d  Edgewor th  (1881)  

a n d  f o r m a l i s e d  b y  Ar row and  Debreu  (1954))  occupy a n  i l l u s t r i o u s  p lace 

i n  economic  t h e o r y .  However,  whereas t h e  focus  o f  g e n e r a l  e q u i l i b r i u m  

t h e o r y  has been  t o  p r o v e  t h e  ex is tence  a n d  un iqueness  o f  equ i l i b r ium,  

CGE mode ls  h a v e  t h e  o b j e c t i v e  o f  t u r n i n g  these  a b s t r a c t  mode ls  i n t o  a  

p r a c t i c a l  t o o l  f o r  po l i cy  ana lys is  (Bandara,  1991; Deca luwe a n d  Martens,  

1988) .  

A CGE mode l  works  b y  s i m u l a t i n g  t h e  i n t e r a c t i o n  o f  va r ious  economic  

ac to rs  across marke ts .  Op t im is ing  behav iou r  o f  i n d i v i d u a l  ac to rs  i s  

assumed and  is  i n c o r p o r a t e d  i n t o  equa t ions  desc r ib ing  t h e i r  behav iour ,  

w h i c h  essen t ia l l y  desc r ibe  va r ious  f i r s t - o r d e r  c o n d i t i o n s  f o r  p r o f i t  a n d  

u t i l i t y  max im isa t ion .  The CGE f r a m e w o r k  requ i res  a  c o m p l e t e  

spec i f i ca t ion  o f  b o t h  t h e  supp ly  and  demand sides o f  a l l  markets,  

i n c l u d i n g  a l l  t h e  nomina l  magn i tudes  i n  t h e  c i r c u l a r  f l ow.  T h e  models, 

w h i c h  a r e  s t r u c t u r a l  i n  sp i r i t ,  c a p t u r e  m a r k e t  mechanisms exp l i c i t l y .  

Neoclassical  genera l  e q u i l i b r i u m  t h e o r y  p rov ides  t h e  a n a l y t i c a l  

u n d e r p i n n i n g s  f o r  th i s .  T h e  b o d y  o f  ma ins t ream neoc lass ica l  theory ,  w i t h  

i t s  sys temat i c  accumu la t ion  o f  use fu l  taxonomies  a n d  f o r m a l  ana ly t i ca l  

resul ts,  p r o v i d e s  a  p o w e r f u l  f r a m e w o r k  o f  ana lys is .  

Perhaps a  way t o  b e t t e r  u n d e r s t a n d  CGE mode ls  i s  t o  c o n t r a s t  it t o  t h e  

m o r e  f a m i l i a r  approach  o f  p a r t i a l  e q u i l i b r i u m  (PE) mode l l i ng .  PE i s  a  

loose ly  d e f i n e d  t e r m  i n  t h e  sense t h a t  i t r e f e r s  t o  a n  i n c o m p l e t e  system 

where  va r ious  ce te r i s  pa r ibus  assumpt ions  a r e  ( i m p l i c i t l y  o r  e x p l i c i t l y )  i n  

p lace.  PE models, wh ich  a r e  d r i v e n  b y  r e d u c e d - f o r m  e las t ic i t ies ,  t e n d  t o  

lack  a  c lea r  economic  s t r u c t u r e .  Moreover,  because t h e y  a r e  i n c o m p l e t e  

systems, PE mode ls  c a n n o t  accoun t  f o r  t h e  i n t e r a c t i o n  b e t w e e n  t h e  

sec to r  or  sectors  under  cons ide ra t ion  a n d  t h e  r e s t  o f  t h e  economy.  I n  

c o n t r a s t  t o  these  d isadvan tages  a r e  s i m p l i c i t y  and  t h e  f a c t  t h a t  t h e  

r e d u c e d - f o r m  spec i f i ca t ion  o f  PE mode ls  makes economet r i c  e s t i m a t i o n  

feas ib le .  When a sec to r  i s  s u f f i c i e n t l y  sma l l  f o r  any  i n t e r a c t i o n  w i t h  t h e  



r e s t  o f  t h e  economy t o  be  ignored,  PE models  a r e  s u i t e d  t o  ana lys ing  

shocks t h a t  a r e  spec i f i c  t o  t h e  g i v e n  sec to r .  Where  these  c o n d i t i o n s  d o  

n o t  hold, GE methods  a r e  l i k e l y  t o  p r o v i d e  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  

imp l i ca t ions  o f  po l i cy  changes. 

Robinson (1989)  s t a t e s  t h a t  i n  t r y i n g  t o  u n d e r s t a n d  CGE models,  i t is  

use fu l  t o  es tab l i sh  a  s tandard  approach  t o  desc r ib ing  t h e  f e a t u r e s  o f  a  

genera l  e q u i l i b r i u m  model .  

I n  t h i s  chap te r  t h e  approach  i s  t o  examine  CGE mode ls  b y  l o o k i n g  a t  t h e  

t h r e e  t y p e s  o f  i n f o r m a t i o n  t h a t  t h e y  embody:  ana ly t ica l ,  f unc t iona l ,  and  

numer ica l .  T h e  a n a l y t i c a l  s t r u c t u r e  is  t h e  background  t h e o r e t i c a l  

ma te r ia l ,  w h i c h  i d e n t i f i e s  t h e  var iab les  o f  i n t e r e s t  and  pos i t s  t h e i r  

causa l  r e l a t i o n s .  T h e  f u n c t i o n a l  s t r u c t u r e  o f  t h e  m o d e l  is  t h e  

m a t h e m a t i c a l  r e p r e s e n t a t i o n  o f  t h e  ana ly t i ca l  m a t e r i a l  a n d  cons is ts  o f  

t h e  a lgebra ic  equat ions,  wh ich  make u p  t h e  a c t u a l  model .  T h e  numer ica l  

s t r u c t u r e  cons is ts  o f  t h e  s igns a n d  magn i tudes  o f  t h e  c o e f f i c i e n t s  i n  t h e  

equa t ions  w h i c h  f o r m  t h e  f u n c t i o n a l  s t r u c t u r e .  First ,  t h e  a n a l y t i c a l  

s t r u c t u r e  i s  cons ide red .  

2.2.1 Ana ly t ica l  

CGE models  s i m u l a t e  t h e  f u n c t i o n i n g  o f  a n  economy b y  e x p l i c i t l y  

c a p t u r i n g  t h e  behav iou r  o f  t h e  va r ious  a g e n t s  (households,  f i rms,  

government ,  r e s t  o f  t h e  wor ld) ,  t h e  i n s t i t u t i o n a l  f r a m e w o r k  ( f i sca l  

sys tem and  t r a n s f e r  mechanisms),  and  t h e  m a r k e t  c lea r ing  processes 

( p r i c e  a n d  q u a n t i t y ) .  As a  resu l t ,  t h e y  can  be  cons ide red  " s t r u c t u r a l "  as 

opposed t o  " reduced  f o r m "  models .  

"The s t r u c t u r e  o f  CGE mode ls  is  Wal ras ian i n  sp i r i t ,  s t ress ing  i n t e r a c t i o n  

among economic  agen ts  and  t h e  work ings  o f  m a r k e t  c lea r ing  processes.  

At  t h e  same t ime,  these  mode ls  can  f o r m a l l y  i n c o r p o r a t e  r i g i d i t i e s  a n d  

d i s t o r t i o n s  t h a t  a r e  p a r t i c u l a r l y  s t r o n g  i n  deve lop ing  economies"  

(Robinson, 1989) .  T h e  t r e a t m e n t  o f  f o r e i g n  t rade,  f o r  example,  can  

s u b s t a n t i a l l y  d i f f e r  f r o m  a s t a n d a r d  neoc lass ica l  s to ry  t h r o u g h  t h e  



i n t r o d u c t i o n  o f  va r ious  f o r e i g n  exchange  r a t i o n i n g  schemes o r  t h r o u g h  

q u a n t i t a t i v e  i m p o r t  res t r i c t i ons .  

Accord ing  t o  G insburgh  a n d  Rob inson  (1984) ,  a  g e n e r a l  e q u i l i b r i u m  

m o d e l  can  b e  u s e f u l l y  desc r ibed  i n  t e r m s  o f  a  n u m b e r  o f  componen ts .  

2 .2 .1 .1  T h e  bas ic  componen ts :  agents ,  ru les,  s igna ls  a n d  i n s t i t u t i o n a l  

s t r u c t u r e '  

F i rs t ,  it i s  i m p o r t a n t  t o  spec i f y  t h e  economic  a c t o r s  o r  a g e n t s  whose 

b e h a v i o u r  is  t o  b e  ana lysed.  A s i m p l e  Wa l ras ian  m o d e l  i nc ludes  o n l y  

p r o d u c e r s  a n d  househo lds .  Mos t  CGE m o d e l s  a d d  o t h e r  a c t o r s  o r  

a d d i t i o n a l  i n s t i t u t i o n s  i n  t h e  SAM f ramework ,  such as  g o v e r n m e n t  a n d  

t h e  ' r e s t  o f  t h e  wor ld ' .  Second, b e h a v i o u r  r u l e s  m u s t  b e  s p e c i f i e d  f o r  

t h e s e  ac to rs .  Thus, p r o d u c e r s  a r e  t y p i c a l l y  assumed t o  max im ise  p r o f i t s  

s u b j e c t  t o  techno log ica l  c o n s t r a i n t s  a n d  househo lds  t o  max im ise  u t i l i t y  

s u b j e c t  t o  i n c o m e  cons t ra in ts .  Th i rd ,  a g e n t s  d e c i d e  accord ing  t o  s igna ls  

t h e y  observe .  I n  a  Wa l ras ian  m o d e l  p r i c e s  a r e  t h e  o n l y  s igna ls  a g e n t s  

n e e d  t o  k n o w .  Four th ,  o n e  m u s t  spec i f y  t h e  i n s t i t u t i o n a l  s t r u c t u r e  o f  t h e  

economy, i .e. t h e  " r u l e s  o f  t h e  game"  accord ing  t o  w h i c h  a g e n t s  

i n t e r a c t .  When t h e  a s s u m p t i o n  is  m a d e  t h a t  p e r f e c t  c o m p e t i t i o n  i m p l i e s  

t h a t  e a c h  a g e n t  is  a  p r i c e  t a k e r  a n d  t h a t  p r i ces  a r e  f l e x i b l e  - m a r k e t s  

e x i s t  a n d  w o r k  pe r fec t l y .  

A  c lose  c o n n e c t i o n  e x i s t s  b e t w e e n  t h e  s p e c i f i c a t i o n s  o f  t h e  i n s t i t u t i o n a l  

s t r u c t u r e  a n d  o f  t h e  s igna ls  t h a t  a g e n t s  o b s e r v e  a n d  r e a c t  to .  For  

example ,  m a r k e t  e q u i l i b r i u m  i n  a  c o m p e t i t i v e  m o d e l  i s  d e f i n e d  as a  s e t  

o f  p r i ces  a n d  assoc ia ted  q u a n t i t i e s  such t h a t  excess d e m a n d  o n  a l l  

m a r k e t s  is  zero  (Robinson, 1989:907) .  I n  a  m o d e l  w i t h  some f i x e d  

pr ices ,  a g e n t s  w i l l  b e  s u b j e c t  t o  r a t i o n i n g  a n d  o n e  m u s t  spec i f y  t h e i r  

b e h a v i o u r  i n  t h i s  s i t u a t i o n .  T h i s  m i g h t  i n c l u d e  t h e  r a t i o n i n g  r u l e s  a n d  

r e s u l t i n g  sp i l l ove r  e f f e c t s  (Robinson, 1989) .  

' This dixuaion draws on Robinson (1989:907). 



W i t h  t h e  spec i f i ca t ion  o f  t h e  agents,  t h e i r  mo t i va t ion ,  a n d  t h e  

i n s t i t u t i o n a l  c o n s t r a i n t s  u n d e r  wh ich  t h e y  in te rac t ,  a  genera l  e q u i l i b r i u m  

mode l  is  s t i l l  n o t  comp le te ly  de te rm ined .  So-ca l led " e q u i l i b r i u m  

cond i t i ons"  a l so  have  t o  b e  def ined.  These a r e  "system cons t ra in ts "  t h a t  

m u s t  b e  sat isf ied,  b u t  t h a t  a r e  n o t  taken  i n t o  accoun t  b y  any  a g e n t  i n  

m a k i n g  h is  dec is ions.  Formal ly,  e q u i l i b r i u m  can  b e  d e f i n e d  as 'a set  o f  

s igna ls  such t h a t  t h e  r e s u l t i n g  dec is ions o f  a l l  a g e n t s  j o i n t l y  s a t i s f y  t h e  

system cons t ra in ts "  (G insburgh  and  Waelbroeck,  1981 ) .  T h e  s igna ls  

r e p r e s e n t  t h e  va r iab les  o f  t h e  mode l  t h a t  a r e  i n  equ i l i b r ium.  For 

example,  marke t  e q u i l i b r i u m  i n  a  c o m p e t i t i v e  mode l  i s  d e f i n e d  as a  set  

o f  pr ices a n d  assoc ia ted  q u a n t i t i e s  such t h a t  a l l  excess demands  a r e  

zero.  I n  a  m a r k e t  economy, pr ices a r e  t h e  e q u i l i b r a t i n g  va r iab les  t h a t  

v a r y  t o  ach ieve  m a r k e t  c lear ing.  

A model 's  f u n d a m e n t a l  p r o p e r t y  l i es  i n  t h e  d e f i n i t i o n  o f  e q u i l i b r i u m  

cond i t i ons .  T h e  spec i f i ca t ion  o f  var iab les  i n  e q u i l i b r i u m  and  o f  sys tem 

c o n s t r a i n t s  t h a t  charac te r i se  e q u i l i b r i u m  can  be  seen as a  s i m p l i f y i n g  

dev ice  t h a t  p r o v i d e s  a  way t o  desc r ibe  t h e  r e s u l t s  o f  t h e  w o r k i n g  o f  a n  

a c t u a l  economy.  For example,  i n s t e a d  o f  spec i f y ing  pr ices as va r iab les  

t h a t  a r e  i n  e q u i l i b r i u m  t o  ach ieve m a r k e t  c lear ing,  one  c o u l d  i n s t e a d  t r y  

t o  m o d e l  p r i c e  d e t e r m i n a t i o n  exp l ic i t l y ,  spec i f y ing  "d i sequ i l i b r ium"  p r i c e  

a d j u s t m e n t  r u l e s  t o  descr ibe h o w  pr ices change  over  t i m e .  Such a 

spec i f i ca t ion  is  t h e o r e t i c a l l y  ve ry  d i f f i c u l t  t o  i m p l e m e n t  and  comp le te ly  

unnecessary  i f  one  is  w i l l i n g  t o  accep t  t h e  m a r k e t - c l e a r i n g  system 

c o n s t r a i n t s  under  f l e x i b l e  pr ices as a  reasonab le  d e s c r i p t i o n  o f  t h e  f i n a l  

r e s u l t  o f  such a  process w i t h i n  t h e  t i m e  p e r i o d  desc r ibed  b y  t h e  mode l  

(Robinson, 1989 ) .  

T imes  ex is t ,  however ,  w h e n  c e r t a i n  m a r k e t - c l e a r i n g  assumpt ions  a r e  n o t  

reasonable .  For example,  i n  t h e  CGE models  o f  deve loped  c o u n t r i e s  it is  

usua l l y  assumed t h a t  c a p i t a l  i s  m o b i l e  across sec to rs  and  i s  a l l o c a t e d  i n  

o r d e r  t o  compare  sec to ra l  r e n t a l  r a t e s  - an  e q u i l i b r i u m  c o n d i t i o n  t h a t  is  

cons is ten t  w i t h  a n  assumpt ion  o f  p e r f e c t  c a p i t a l  marke ts .  Such a  

spec i f i ca t ion  obv ia tes  t h e  need t o  desc r ibe  e x a c t l y  h o w  t h e  cap i ta l  

m a r k e t  f u n c t i o n s  - mode l le rs  a r e  on ly  i n t e r e s t e d  i n  t h e  resu l t .  T h e  

assumpt ion  o f  sec to ra l  c a p i t a l  m o b i l i t y  i n  models  o f  deve lop ing  c o u n t r i e s  



is, however ,  r a r e l y  i f  eve r  reasonable .  Ins tead ,  m o d e l l e r s  have  t e n d e d  t o  

assume t h a t  sec to ra l  c a p i t a l  s tocks  a r e  f i x e d  w i t h i n  a  p e r i o d  and, s ince 

sec to ra l  r e n t a l  r a t e s  a r e  n o t  equa l  ac ross  sectors,  t h e y  h a v e  h a d  t o  

spec i f y  e x p l i c i t l y  h o w  t h e  sec to ra l  a l l o c a t i o n  o f  i n v e s t m e n t  is  d e t e r m i n e d  

f r o m  p e r i o d  t o  p e r i o d  (Bandara,  1991) .  

Once t h e  bas ic  c o m p o n e n t s  a r e  se t  out ,  CGE m o d e l s  s h o u l d  a l so  b e  

desc r ibed  i n  t e r m s  o f  c losure ,  t r e a t m e n t  o f  t i m e  a n d  leve l  o f  s p a t i a l  

d e t a i l .  

2 .2 .1 .2  C losu re  o f  t h e  m o d e l  

CGE m o d e l s  u s u a l l y  h a v e  m o r e  va r iab les  t h a n  equat ions,  w h i c h  means  

t h a t  t h e  user  m u s t  spec i f y  t h e  va lues  o f  some va r iab les .  T h i s  se t  o f  

use r -spec i f i ed  exogenous  va r iab les  is  r e f e r r e d  t o  as t h e  model 's  c losu re  

(Naude  a n d  Br ixen,  1993) .  

Bes ides b e i n g  used  as a  m a t h e m a t i c a l  t o o l  t o  h e l p  so lve  t h e  model ,  t h e  

c losu re  serves t h r e e  f u n d a m e n t a l  purposes.  F i rs t ,  t h e  c losu re  spec i f i es  

some va r iab les  as  exogenous  t o  r e f l e c t  v a r i o u s  assumpt ions  r e g a r d i n g  

t h e  way  economic  a g e n t s  behave, as  w e l l  as  a n y  e c o n o m y - w i d e  

cons t ra in ts ,  f o r  example,  t h e  g o v e r n m e n t  b u d g e t  de f i c i t ,  c a p i t a l  

f o rmat ion ,  wages, f o r e i g n  c u r r e n c y  pr ices,  a n d  so on.  These c o n s t r a i n t s  

r e f l e c t  t h e  o p p o r t u n i t y  c o s t  o f  scarce resources .  T h e  t y p e s  o f  c o n s t r a i n t s  

a p p l i e d  i n  a  s i m u l a t i o n  usua l l y  d e p e n d  o n  w h e t h e r  t h e  use r  is  t a r g e t i n g  

t h e  s h o r t  r u n  o r  l o n g  r u n 2  i m p a c t s  o f  t h e  i t e m  b e i n g  s tud ied .  Secondly,  

t h e  c l o s u r e  h e l p s  d e t e r m i n e  t h e  r u n  o f  t h e  mode l .  As a  s i m p l e  example ,  

w h i l e  a b o v e  we  have  assumed e n d o w m e n t s  a r e  c o n s t a n t  a n d  f a c t o r  

p r i c e s  a d j u s t  t o  m a i n t a i n  l a b o u r  m a r k e t  equ i l i b r i um,  we  c o u l d  h a v e  t a k e n  

a  'Keynes ian '  a p p r o a c h  a n d  f i x e d  t h e  n o m i n a l  w a g e  o f  some o r  a l l  

f a c t o r s .  I n  t h i s  case changes  i n  t h e  l e v e l  o f  u n e m p l o y m e n t  w o u l d  become 

t h e  mechan ism b y  w h i c h  e q u i l i b r i u m  is  m a i n t a i n e d .  Se lec t ing  d i f f e r e n t  

c losu res  can  have  a  s i g n i f i c a n t  i m p a c t  o n  t h e  m o d e l  resu l t s ,  a n d  t h e  

in  CGE modellmg, me "shoR rdn" a taren to represent a perlw of approxmate~y one to two years, h l e  tne "long run" 
represents a per w of approxlmarelv elgnt to ten years (0.xon and Parmenler, 1996) 



se lec t ion  o f  a  p a r t i c u l a r  c losure  o f t e n  depends  o n  t h e  ' w o r l d  v iew '  t h a t  

t h e  m o d e l l e r  ho lds .  Also, many  models  d o  n o t  m a i n t a i n  t h e  assumpt ion  

o f  p e r f e c t  c o m p e t i t i o n  i n  a l l  marke ts .  O ther  c losures a r e  poss ib le  a n d  

have  been  d iscussed a t  l e n g t h  e lsewhere  (see D e w a t r i p o n t  a n d  Michel ,  

1987) .  Th i rd l y ,  a  key p a r t  o f  c losure  is  t h e  s e t t i n g  o r  spec i f i ca t ion  o f  t h e  

shocks t h e  user  w ishes t o  app ly  t o  p a r t i c u l a r  var iables,  a n d  these  shocks 

a r e  der i ved  f r o m  t h e  t o p i c  o f  t h e  s tudy  - f o r  example,  t h e  q u e s t i o n  

"What  w o u l d  be  t h e  e f f e c t  on t h e  economy o f  a n  XO/o t a r i f f  r e d u c t i o n  o n  

c o m m o d i t y  Y? "  w o u l d  be  imp lemented  v ia  a  nega t i ve  shock t o  t h e  

r e l e v a n t  t a r i f f  va r iab le  i n  t h e  m o d e l  (D ixon  a n d  Parmenter ,  1996) .  

Thus  i t  i s  c lear  t h a t  t h e r e  a r e  var ious t ypes  o f  CGE models  and  one  way 

i n  w h i c h  t h e y  can  be  d is t i ngu ished  f u r t h e r  is  accord ing  t o  t h e i r  

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

2 .2 .1 .3  T r e a t m e n t  o f  t i m e  

Some CGE models  r u n  s ta t i c  s imu la t ions  f r o m  a p r o j e c t e d  f u t u r e  

e q u i l i b r i u m .  A compara t i ve  s ta t i c  (CS) model ,  f o r  example,  compares t h e  

economy a t  t w o  d i s t i n c t  p o i n t s  i n  t ime, w i t h o u t  m o d e l l i n g  any  e x p l i c i t  

t i m e  per iods  o r  t i m e  pa th .  T h e r e f o r e  t h e  m o d e l  i s  essen t ia l l y  t imeless,  

c o m p a r i n g  some h y p o t h e t i c a l  f u t u r e  scenar io  w i t h  i t s  i n i t i a l  so lu t ion .  

Typ ica l ly ,  t h e  t w o  s ta tes  compared  a r e  t h e  s t a t e  o f  t h e  economy w i t h  a  

g i v e n  p o l i c y  change  a n d  t h e  s t a t e  o f  t h e  economy w i t h o u t  t h e  po l i cy  

change.  Consequent ly,  t h i s  m e t h o d  o f  ana lys is  does n o t  p r o v i d e  any 

d e t a i l s  o f  t h e  a d j u s t m e n t  p a t h  o f  t h e  economy b e t w e e n  t h e  t w o  p o i n t s  i n  

t i m e .  A b r o a d  t i m e f r a m e  f o r  these  s imula t ions,  e.g. s h o r t  r u n  o r  l o n g  

run,  is  spec i f i ed  b y  t h e  c losure  (G insburgh  and  Keyzer, 1997) .  A t i m e  

e l e m e n t  c a n  b e  i n t r o d u c e d  b y  so lv ing  t h e  m o d e l  sequent ia l ly ,  u p d a t i n g  

t h e  c a p i t a l  s tock  t o  s imu la te  i n v e s t m e n t  and  deprec ia t ion,  t h e  labour  

s tock  t o  s imu la te  p o p u l a t i o n  g rowth ,  a n d  p r o d u c t i v i t y  pa ramete rs  t o  

s i m u l a t e  advances i n  techno logy .  Such mode ls  a r e  k n o w n  as recurs i ve  

dynamic  mode ls .  

These models  p e r f o r m  y e a r - t o - y e a r  s imu la t ions  w i t h  severa l  t y p e s  o f  

i n t e r - t e m p o r a l  l i n k s  r a t h e r  t h a n  ca lcu la t ing  j u s t  a  snapsho t  o f  t h e  



economy b e f o r e  a n d  a f t e r  t h e  po l i cy  i m p l e m e n t a t i o n  (D ixon  a n d  

Parmenter,  1996) .  A f te r  t h e  e q u i l i b r i u m  s o l u t i o n  i s  f o u n d  f o r  a  g i v e n  

per iod,  t h e  b e t w e e n - p e r i o d  p a r t  o f  t h e  mode l  upda tes  a l l  t h e  exogenous  

va r iab les  e n t e r i n g  t h e  s t a t i c  p a r t  o f  t h e  model .  

Th is  o p e r a t i o n  is  done  us ing:  

(1) t h e  e q u i l i b r i u m  va lues o f  t h e  f o r e g o n e  per iod,  such as t h e  a m o u n t  

o f  i n v e s t m e n t  by  sector  t h a t  is  added  t o  e x i s t i n g  cap i ta l  t o  y i e l d  

n e w  c a p i t a l  stocks; 

( 2 )  g o v e r n m e n t  po l i cy  decis ions,  such as a  new leve l  o f  t a r i f f s  or  

pub l i c  i nves tment ;  

( 3 )  s i m p l e  exogenous ly  spec i f i ed  t rends,  such as t h e  g r o w t h  o f  t h e  

popu la t ion ;  and  

( 4 )  p u r e  exogenous  var iables,  such as w o r l d  pr ices.  

T h e  m o d e l  can  t h e n  f i n d  a  s o l u t i o n  f o r  a  n e w  p e r i o d  o f  t h e  bas is  o n  t h e  

new set  o f  exogenous  d a t a .  Therefore ,  these  mode ls  a r e  ab le  t o  p r o v i d e  

t h e  user  w i t h  i n f o r m a t i o n  o n  t h e  a d j u s t m e n t  p a t h  r e s u l t i n g  f r o m  any  

po l i cy  shock.  

T r u l y  dynamic  models  a t t e m p t  t o  e x p l i c i t l y  mode l  i n t e r t e m p o r a l  

behav iou r .  Th is  subs tan t ia l l y  increases t h e  c o m p u t a t i o n a l  comp lex i t y .  

For some p o l i c y  s imula t ions,  u n d e r s t a n d i n g  t h e  a d j u s t m e n t  p a t h  is  

cons ide red  as i m p o r t a n t  t o  t h e  user  as t h e  f i n a l  ou tcome o f  t h e  po l i cy  

shock.  I n  such cases, t h e  resu l t s  o b t a i n e d  f r o m  a recurs i ve  dynamic  

m o d e l  a r e  m o r e  i n f o r m a t i v e  and  d e t a i l e d  t h a n  t h o s e  ob ta ined  f r o m  a 

c o m p a r a t i v e  s t a t i c  model .  However,  a  recurs i ve  dynamic  mode l  is  m o r e  

comp lex  t h a n  i t s  compara t i ve  s t a t i c  coun te rpar t ,  t h e r e f o r e  m o r e  t i m e  

and  e f f o r t  is  usua l ly  r e q u i r e d  t o  des ign  a n d  i n t e r p r e t  s imu la t ions  f r o m  

t h e  recurs i ve  dynamic  mode l .  

A f i n a l  a n a l y t i c a l  area i n  w h i c h  CGE mode ls  can  be  d is t i ngu ished  is 

accord ing  t o  t h e i r  leve l  o f  s p a t i a l  d e t a i l .  



2.2.1.4 Leve l  o f  s p a t i a l  d e t a i l  

A CGE m o d e l  could,  f o r  example ,  b e  a  n a t i o n a l  o r  m u l t i - r e g i o n  mode l .  

T h e  l e v e l  o f  d i s a g g r e g a t i o n  g e n e r a l l y  depends  o n  user  p r e f e r e n c e  a n d  

t h e  a v a i l a b i l i t y  o f  s u i t a b l e  i n p u t - o u t p u t  da ta .  

W i t h i n  t h e  c a t e g o r y  o f  m u l t i - r e g i o n  CGE models,  a  f u r t h e r  d i s t i n c t i o n  can  

b e  d r a w n  as  t o  h o w  each  r e g i o n  is  m o d e l l e d  (Shoven a n d  Whal ley,  1984) .  

One  m e t h o d  is  t o  use  a  ' t ops -down '  p r o c e d u r e  t h a t  a l l oca tes  t h e  

a g g r e g a t e  n a t i o n a l  r e s u l t s  p r o p o r t i o n a l l y  ac ross  reg ions  a c c o r d i n g  t o  

k n o w n  r e g i o n a l  economic  s ta t i s t i cs ,  such as  e m p l o y m e n t  by  i n d u s t r y .  A 

m a j o r  d i sadvan tage  o f  t h i s  a p p r o a c h  is  t h a t  it assumes t h a t  t h e  c o s t  a n d  

sales s t r u c t u r e s  f o r  a  g i v e n  indus t ry ,  i n  each  reg ion,  is  t h e  same as t h e  

n a t i o n a l  i n d u s t r y  s t r u c t u r e .  On t h e  o t h e r  hand, p r o v i d i n g  t h e  i n p u t -  

o u t p u t  d a t a  is  ava i lab le ,  each  r e g i o n  can  b e  m o d e l l e d  a c c o r d i n g  t o  a  

' b o t t o m s - u p '  p rocedure .  Under  t h i s  p r o c e d u r e  each  r e g i o n  is  m o d e l l e d  as  

a  m i n i - e c o n o m y  w i t h  g o v e r n m e n t  b u d g e t  a n d  i n t r a - r e g i o n ,  i n t e r - r e g i o n  

a n d  i n t e r n a t i o n a l  t r a d e  f l o w s  separa te l y  spec i f i ed .  T h e  m a j o r  a d v a n t a g e  

o f  t h i s  p r o c e d u r e  w h e n  us ing  a  m u l t i - r e g i o n  model ,  as  opposed  t o  t h e  

' t o p s - d o w n '  p rocedure ,  is  t h a t  each r e g i o n  has separa te l y  spec i f i ed  

s u p p l y  c o n s t r a i n t s .  There fo re ,  t h e  ' b o t t o m s - u p '  procedure,  as opposed  t o  

t h e  ' t o p s - d o w n '  procedure,  is  i d e a l l y  s u i t e d  t o  d e t e r m i n i n g  t h e  i m p a c t  o f  

r e g i o n - s p e c i f i c  economic  shocks (Shoven a n d  Whal ley ,  1984) .  

C G E  m o d e l s  a r e  t h e r e f o r e  bas ica l l y  s i m u l a t i o n  models,  d e s i g n e d  t o  

i n v e s t i g a t e  t h e  i m p a c t  o f  po l i c ies  t h a t  w o r k  t h r o u g h  t h e  m a r k e t  system, 

such  as  taxes,  t a r i f f s  o r  subs idy  changes, o r  t o  ana lyse  t h e  i m p a c t  o f  

d i r e c t  g o v e r n m e n t  i n t e r v e n t i o n  i n  t h e  economy, such as t h e  p r o f i l e  a n d  

c o m p o s i t i o n  o f  a  p u b l i c  i n v e s t m e n t  p rog ram,  p r i c i n g  po l i c ies  o r  i m p o r t  

r e s t r i c t i o n s .  Next ,  t h e  m o d e l s  a r e  charac te r i sed  i n  t e r m s  o f  f u n c t i o n a l  

s t r u c t u r e .  

2.2.2 Funct ional  

C G E  m o d e l s  a r e  essen t ia l l y  n u m e r i c a l  m o d e l s  based o n  g e n e r a l  

e q u i l i b r i u m  theory ,  w h i c h  a r e  p u t  i n t o  p r a c t i c e  i n  t h e  f o r m  o f  a  c o m p u t e r  



p r o g r a m m e .  From t h e  perspec t i ve  o f  t h e  f u n c t i o n a l  i n f o r m a t i o n  embod ied  

i n  a  CGE model ,  i t s  bas ic  s t r u c t u r e  can  b e  desc r ibed  as f o l l o w s  (see 

G i l b e r t  and  Wahl, 2000:3).  Take  a  g loba l  economy cons is t ing  o f  M 

reg ions  indexed  b y  r. Le t  v r  b e  a  vec to r  ( l e n g t h  F)  o f  f a c t o r  e n d o w m e n t s  

i n  each  r e g i o n  r, a n d  pr b e  a  vec to r  ( l e n g t h  N) o f  p r i ces  i n  each  r e g i o n  

r. T h e  GNP f u n c t i o n s  f o r  each r e g i o n  can t h e n  b e  d e f i n e d  as G~(v~,Y')  = 

max{pr.vr:pr), a n d  s i m i l a r l y  t h e  e x p e n d i t u r e  f u n c t i o n s  as /?(pr,L/) = 

m i n { ~ ~ . ~ ~ : U ' ) ,  w h e r e  U' is  a g g r e g a t e  u t i l i t y  i n  r e g i o n  r. T h e  a g g r e g a t e  

b u d g e t  c o n s t r a i n t s  a r e  t h e n :  

From t h e  f i r s t  o rder  c o n d i t i o n s  t o  t h e  GNP m a x i m i s a t i o n  p rob lem one  

o b t a i n s  sec to ra l  supp ly  f u n c t i o n s  b y  Ho te l l i ng ' s  lemma, a n d  Hicks ian 

demand f u n c t i o n s  f o l l o w  s im i la r l y  f r o m  t h e  d e r i v a t i v e  p r o p e r t i e s  o f  t h e  

e x p e n d i t u r e  funct ion,  hence:  

d e f i n e  Hicks ian n e t  expor ts .  W i t h  t r a d e  t h e r e  can  b e  on ly  one  p r i c e  

vec to r ,  w h i c h  is  d e n o t e d  P. I n t e r n a t i o n a l  e q u i l i b r i u m  t h e n  requ i res :  

By Wal ras '  l a w  these  e q u i l i b r i u m  c o n d i t i o n s  a r e  n o t  independent ,  and  

any  o n e  o f  t h e m  can  be  d ropped .  Hence, one  e l e m e n t  o f  P (say Pi) m u s t  

be  dec la red  a  numera i re  pr ice .  The s o l u t i o n  t o  t h e  system o f  equa t ions  

d e f i n e d  b y  (1) t o  (3 )  t h e n  y ie lds  a  r e l a t i v e  p r i c e  vector ,  a g g r e g a t e  u t i l i t y  

levels,  a n d  n e t  expor ts .  One can  subsequen t l y  d e r i v e  f a c t o r  p r i ces  f r o m  

t h e  GNP f u n c t i o n :  

W,' = W,'(P, V ' )  j = l , . . ,  1 . M (4)  



Final ly ,  s ince each  s e c t o r  is  a  p r i c e - t a k e r  i n  f a c t o r  markets ,  f r o m  t h e  

f i r s t - o r d e r  c o n d i t i o n s  o f  sec to ra l  c o s t  m i n i m i s a t i o n  c;(wr, Y:)= 

m in {wr .x r :  Y;) o n e  o b t a i n s  f a c t o r  demands :  

I n  t h i s  s i m p l e  m o d e l  t h e r e  a r e  M+MN+N+ZMF+MFN-1 var iab les ,  b u t  w e  

h a v e  o n l y  M+MN+N+MF+MFN-1 i n d e p e n d e n t  equa t ions .  I n  a  neoc lass ica l  

m o d e l  t h e  v r  a r e  dec la red  exogenous,  e n a b l i n g  t h e  sys tem t o  b e  so lved.  

Wh i le  t h e  f r a m e w o r k  desc r ibed  h e r e  i s  v e r y  s imple ,  t h e  i m p o r t a n t  

f e a t u r e s  o f  CGE mode ls  d iscussed above  a r e  c l e a r l y  i l l u s t r a t e d .  Fi rst ,  t h e  

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

u n d e r l y i n g  t h e  e x p e n d i t u r e  f u n c t i o n  a n d  t h e  cos t  a n d  GNP f u n c t i o n s  

respec t i ve l y ,  c l e a r l y  shows t h a t  o p t i m i s i n g  b e h a v i o u r  is  e x p l i c i t l y  b u i l t  

i n t o  t h e  mode l .  Second, as r e f l e c t e d  b y  t h e  c o n d i t i o n s  u n d e r l y i n g  t h e  

GNP a n d  e x p e n d i t u r e  func t ions ,  e c o n o m y - w i d e  c o n s t r a i n t s  a r e  e n f o r c e d .  

Final ly ,  i t can  b e  seen h o w  such  a  c losed sys tem e x p l i c i t l y  c a p t u r e s  t h e  

r e l a t i o n s h i p s  b e t w e e n  sectors .  

W i t h i n  t h e  a b o v e  f r a m e w o r k  spec i f i c  f u n c t i o n a l  f o r m s  m u s t  b e  e m p l o y e d  

t o  d e f i n e  t h e  s u b s t i t u t i o n  r e l a t i o n s h i p s  of a  CGE m o d e l  ( m o s t  c o m m o n l y  

CES o r  Cobb-Doug las  f u n c t i o n s  i n  va lue -added  a n d  Arming ton ,  L e o n t i e f  

i n  i n t e r m e d i a t e  use, a n d  Stone-Geary ,  Cobb-Doug las  o r  CRESH i n  

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

used) .  A f t e r  d e c i d i n g  o n  wh ich  f u n c t i o n a l  f o r m s  w i l l  b e  imp lemented ,  t h e  

r e q u i r e d  f r e e  p a r a m e t e r s  (e.g., e l a s t i c i t i e s  o f  s u b s t i t u t i o n  f o r  CES 

p r o d u c t i o n  func t ions ,  i n c o m e  e l a s t i c i t i e s  o f  d e m a n d  a n d  t h e  Fr isch 

p a r a m e t e r  f o r  Stone-Geary  u t i l i t y  f u n c t i o n s )  a r e  d e t e r m i n e d  e i t h e r  by  

e c o n o m e t r i c  e s t i m a t i o n  o r  l i t e r a t u r e  searches.  T h r o u g h  a  process ca l l ed  

ca l i b ra t i on ,  t h e  a s s u m p t i o n  is  m a d e  t h a t  p r o f i t  a n d  u t i l i t y  m a x i m i s i n g  

c o n d i t i o n s  w i l l  h o l d  i n  t h e  base year  a l l o w i n g  t h e  r e m a i n i n g  p a r a m e t e r s  

t o  b e  d e t e r m i n e d  f r o m  t h e  base d a t a  ( G i l b e r t  a n d  Wahl, 2000).  



T h e  t y p i c a l  a p p l i e d  m o d e l  r e t a i n s  t h e  bas ic  f r a m e w o r k  desc r ibed  by  

e q u a t i o n s  (1 ) - (5 )  d e s p i t e  a d d i n g  some c o m p l e x i t y .  I n  CGE m o d e l s  o f  a  

s i n g l e  economy, p r i c e s  a r e  g i v e n  exogenous ly ,  o r  a r e  based  o n  p a r t i a l  

r e s t - o f - t h e - w o r l d  d e m a n d  func t ions .  A d d i t i o n a l  c lass ic  m o d i f i c a t i o n s  

c o m p r i s e  t h e  f i n a l  demands  d i s t i n g u i s h e d  b e t w e e n  households ,  

government ,  t r a d e  a n d  c a p i t a l  c r e a t i o n  a n d  t h e  i n t r o d u c t i o n  o f  

i n t e r m e d i a t e  i n p u t s  i n  p r o d u c t i o n .  I t  i s  a l so  c o m m o n  f o r  m o s t  m o d e l s  t o  

i n t e g r a t e  i m p e r f e c t  s u b s t i t u t i o n  b e t w e e n  f o r e i g n  a n d  domes t i c  goods, 

a n d  b e t w e e n  a l t e r n a t i v e  sources o f  i m p o r t s  ( i f  mu l t i - reg iona l ) . '  S ince 

t h e s e  m o d e l s  a r e  des igned  f o r  p o l i c y  ana lys i s  b y  c o u n t e r f a c t u a l  

s imu la t ion ,  t h e y  w i l l  a l so  i n c o r p o r a t e  a  v a r i e t y  o f  d i s t o r t i o n s .  O f  t h e  

m o s t  c o m m o n  d i s t o r t i o n s  w i l l  b e  i n  t h e  f o r m  o f  taxes  o n  v a r i o u s  

ac t i v i t i es ,  a n d  r i g i d i t i e s  i n  va r ious  m a r k e t s  ( G i l b e r t  a n d  Wahl, 2000) .  

T w o  m e t h o d s  a r e  n o r m a l l y  used f o r  s o l v i n g  m o d e l s  o n c e  t h e y  h a v e  b e e n  

cons t ruc ted ,  o f  w h i c h  t h e  f i r s t  m e t h o d  is  a  l i n e a r  a p p r o x i m a t i o n ,  w h i c h  

has  t h e  a d v a n t a g e  o f  c o m p u t a t i o n a l  s i m p l i c i t y .  T h e  second m e t h o d  

inc ludes  t h e  i m p l e m e n t a t i o n  o f  t h e  m o d e l  i n  l e v e l s  fo rm,  a n d  t h e  use  o f  

n o n - l i n e a r  s o l u t i o n  methods,  wh ich  has t h e  advan tages  o f  p r o d u c i n g  

a c c u r a t e  r e s u l t s  f o r  l a rge -sca le  changes  a n d  r e p r o d u c i n g  t h e  b e n c h m a r k  

data,  t h r o u g h  w h i c h  e r r o r  check ing  is  m a d e  a u t o m a t i c .  Bandara (1991) 

n o t e d  t h a t  t h e  i n s t i t u t i o n  w i t h  w h i c h  t h e  researcher  i s  assoc ia ted  o f t e n  

r e f l e c t s  t h e  cho ice  o f  s o l u t i o n  m e t h o d .  For example ,  t h e  w o r k  o f  a u t h o r s  

l i k e  Vincent,  Mayer  a n d  Gup ta  a r e  l o c a t e d  w i t h i n  t h e  t h e o r e t i c a l  

s t r u c t u r e  a n d  t h e  s o l u t i o n  t e c h n i q u e  o f  t h e  ORANI  m o d e l  o f  t h e  

A u s t r a l i a n  economy.  T h e  research  o f  t h i s  g r o u p  can  b e  l a b e l e d  as t h e  

'Johansen t r a d i t i o n '  because t h e s e  a u t h o r s  h a v e  f o l l o w e d  t h e  Johansen's 

l i nea r i sed  s o l u t i o n  method .  I n  a n y  case, b y  b r e a k i n g  t h e  s i m u l a t i o n  i n t o  

sma l le r  p a r t s  a n d  s o l v i n g  sequen t ia l l y ,  i t is  poss ib le  f o r  t h e  s o l u t i o n  o f  a  

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

a r b i t r a r y  d e g r e e  o f  accuracy.  Since m a n y  packages  a u t o m a t e  t h i s  

' This latter assumption, known as the Armington (1969) specification, serves the dual purpose of dampening the trade 
and output responses to changes in relatie prices, and allowing cross-hauling of pmducts in the same category to be 
easily accommodated. 
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procedure,  t h e  d i f f e r e n t i a t i o n  o f  mode ls  o n  t h e  bas is  o f  s o l u t i o n  m e t h o d  

has become less i m p o r t a n t .  

F ina l ly ,  i t is  poss ib le  t o  desc r ibe  t h e  mode ls  i n  t e r m s  o f  t h e  n u m e r i c a l  

i n f o r m a t i o n  t h a t  t h e y  con ta in .  

2.2.3 Numerical  

A CGE m o d e l  is  a  m a t h e m a t i c a l  r e p r e s e n t a t i o n  o f  a n  economy.  The  

p r e v i o u s  sec t ions  h a v e  shown t h a t  a t  t h e  c o r e  o f  t h e  m o d e l  i s  a  s e t  o f  

e q u a t i o n s  d e s c r i b i n g  t h e  b e h a v i o u r  o f  va r ious  economic  a g e n t s  ( f o r  

example,  i ndus t r i es ,  househo lds  a n d  g o v e r n m e n t s )  w h e n  faced  w i t h  

changes  i n  key  economic  var iables,  f o r  example ,  a n d  m o s t  i m p o r t a n t l y ,  

r e l a t i v e  p r i ces .  Th is  t h e o r e t i c a l  s t r u c t u r e  is  usua l l y  d e r i v e d  f r o m  

neoc lass ica l  m ic roeconomics .  Typ ica l l y ,  househo lds  m a x i m i s e  u t i l i t y  

s u b j e c t  t o  a  b u d g e t  cons t ra in t ,  a n d  i n d u s t r i e s  m i n i m i s e  cos ts  s u b j e c t  t o  

p r o d u c t i o n  f u n c t i o n s .  T h e  c o r e  b e h a v i o u r a l  e q u a t i o n s  a r e  s u p p l e m e n t e d  

w i t h  m a r k e t  c l e a r i n g  equa t ions ,  w h i c h  c o m p a r e  s u p p l y  a n d  d e m a n d  i n  a l l  

c o m m o d i t y  a n d  f a c t o r  marke ts .  Such a  m o d e l  i s  c a l i b r a t e d  f r o m  a 

n u m e r i c a l  database,  t h e  c e n t r a l  p a r t  o f  w h i c h  i s  a  se t  o f  i n p u t - o u t p u t  

accoun ts  showing,  f o r  a  g i v e n  year,  t h e  f l o w s  o f  c o m m o d i t i e s  a n d  

p r i m a r y  f a c t o r s  b e t w e e n  g r o u p s  o f  economic  a g e n t s  ( D i x o n  a n d  

Parmen te r ,  1996). I n p u t - o u t p u t  o r  SAM accoun ts  p r o v i d e  t h e  u n d e r l y i n g  

d a t a  f r a m e w o r k  f o r  CGE rnodels, w i t h  a n  i n c o m e - e x p e n d i t u r e  a c c o u n t  f o r  

each  a c t o r  i n  t h e  mode l .  T h i s  d a t a  r e p r e s e n t s  t h e  s t a t e  o f  t h e  economy 

i n  q u e s t i o n  a t  one  p o i n t  i n  t i m e  - t h e  base  year .  I n  o r d e r  t o  o b t a i n  a  

s o l u t i o n  t o  t h e  model ,  t h e  model 's  equa t ions  a r e  so lved  s i m u l t a n e o u s l y .  

T h e  p r o c e d u r e  i n v o l v e d  i n  choos ing  va lues  f o r  mode ls '  p a r a m e t e r s  i s  

k n o w n  as ' ca l i b ra t i on '  i n  t h e  CGE l i t e r a t u r e  (Mansur  a n d  Whal ley ,  1984). 

I n  genera l ,  f o r  a  g i v e n  economy,  a n  e q u i l i b r i u m  s i t u a t i o n  is  assumed 

t h a t  is  k n o w n  as ' benchmark '  e q u i l i b r i u m .  T h e  va lues  o f  t h e  p a r a m e t e r s  

o f  t h e  mode ls  a r e  chosen such  t h a t  t h e  m o d e l  can  r e p l i c a t e  t h e  

b e n c h m a r k  d a t a  se t .  I n  g e n e r a l  t h e  b e n c h m a r k  d a t a  s e t  is  f r o m  n a t i o n a l  

accoun ts  ( i n c l u d i n g  i n p u t - o u t p u t  d a t a )  a n d  g o v e r n m e n t  d a t a  sources.  I n  

p r a c t i c e  t h e  c a l i b r a t i o n  p r o c e d u r e  invo lves  o n l y  a  s e t  o f  d a t a  f o r  a  



p a r t i c u l a r  year .  T h i s  is  k n o w n  as base year  d a t a .  Some t i m e s  a  ' t yp ica l  

year '  da ta  base is  used  as an  average o v e r  a  number  o f  years  (Higgs,  

1986) .  An i m p o r t a n t  f a c t o r  i n  models '  c a l i b r a t i o n  i s  t h a t  i t comp le te ly  

depends  o n  a  s ing le  set  o f  da ta  as a  benchmark  d a t a  set .  

To  c a l i b r a t e  a  CGE mode l  t w o  b road  ca tegor ies  o f  d a t a  a r e  r e q u i r e d :  

f i r s t l y  i n p u t - o u t p u t  and  n a t i o n a l  accounts  da ta  and  secondly  va r ious  

e l a s t i c i t y  es t ima tes .  The SAM ( c o n t a i n i n g  m o s t l y  i n p u t - o u t p u t  da ta )  

p rov ides  a  snapsho t  o f  t h e  economy a t  a  s ing le  p o i n t  i n  t i m e  a n d  each 

ce l l  records  t h e  v a l u e  o f  each t r a n s a c t i o n  ( i .e.  t h e  p r o d u c t  o f  p r i ces  a n d  

q u a n t i t i e s ) .  When sub jec t  t o  change, f r o m  an  exogenous  shock o r  an  

endogenous  change  i n  demand o r  supply,  how much  o f  t h e  change  w i l l  

b e  rep resen ted  b y  a  change i n  p r i ce  a n d  h o w  much  a change  i n  

q u a n t i t i e s  w i l l  depend  o n  t h e  s t r u c t u r e  o f  t h e  mode l .  Since i n  t h e  SAM 

t h e r e  i s  n o  a u t o m a t i c  p a r t i t i o n  o f  t h e  t ransac t ions  va lue  i n t o  p r i c e  and  

quan t i t y ,  one  m u s t  be  chosen. I n  p rac t i ce  one  w o u l d  s t a r t  b y  n o r m a l i s i n g  

a l l  (domes t i c )  p r i ces  t o  u n i t y  i n  t h e  base. How t h e  ce l l  t h e n  evo lves is  

d e t e r m i n e d  b y  t h e  cho ice  o f  va lues f o r  k e y  behav iou ra l  pa ramete rs .  

T h e  a f o r e m e n t i o n e d  t h u s  p o r t r a y s  t h e  way i n  w h i c h  one  can  descr ibe 

CGE models,  w h i l e  t h e  n e x t  sec t ion  analyses w h a t  has been  w r i t t e n  o n  

CGE models  i n  t h e  l i t e r a t u r e .  

2.3 COMMENTS ON CGE LITERATURE 

A l t h o u g h  CGE mode ls  have  p r o v i d e d  remarkab le  resu l t s  r e g a r d i n g  t h e  

poss ib le  e f f e c t s  o f  a  v a r i e t y  o f  macroeconomic  po l ic ies ,  i t is  n o t  c lear  

w h e t h e r  t h e  q u a n t i t a t i v e  p r e d i c t i o n s  o f  CGE mode ls  a r e  super io r  t o  t h o s e  

o b t a i n e d  w i t h  o t h e r  methods .  Desp i te  t h e  p o p u l a r i t y  o f  CGE mode ls  as an  

essen t ia l  t o o l  i n  app l ied  economics,  se r ious  ques t ions  have  been  ra i sed  

a b o u t  t h e  t h e i r  e m p i r i c a l  va l i d i t y .  T h o u g h  CGE mode ls  have  ra i sed  t h e  

c o m p l e x i t y  o f  t h e  po l i cy  debate,  t h e  q u e s t i o n  s t i l l  rema ins  whe ther  m o r e  

c r e d i b i l i t y  shou ld  be  g iven  t o  CGE i n s i g h t s  or  q u a n t i t a t i v e  p r e d i c t i o n s  

(Bandara,  1991) .  Thus,  t h e r e  a r e  a  number  o f  issues t h a t  have  t o  be  

addressed  b e f o r e  m o r e  con f idence  can b e  p laced  i n  t h e  resu l t s  o f  CGE 

models .  



C r i t i c i s m  does  n o t  mean  t h a t  o t h e r  m o d e l l i n g  approaches  (e.g.  I n p u t -  

o u t p u t ,  SAM mode ls  a n d  m a c r o  e c o n o m e t r i c  mode ls )  a r e  n o t  c o n f r o n t e d  

w i t h  s im i la r  issues.  Wha l ley  (1985)  a n d  o t h e r s  v i e w e d  t h e  c r i t i c i s m s  

a i m e d  a t  CGE m o d e l s  as  p a r t  o f  t h e  l a r g e r  d e b a t e  c o n c e r n i n g  t h e  

c o n t r i b u t i o n s  o f  e m p i r i c a l  economics  i n  g e n e r a l  a n d  f o r  them, t h e  

i n s i g h t s  t h a t  CGE m o d e l s  p r o v i d e  a r e  s u f f i c i e n t  t o  m e r i t  t h e i r  use.  

However ,  g i v e n  t h e  c o n t i n u e d  demand  f o r  q u a n t i t a t i v e  p r e d i c t i o n s  b y  

p o l i c y  makers ,  a l o n g  w i t h  t h e  concerns  ra i sed  i n  t h e  l i t e ra tu re ,  t h e  m o s t  

c r i t i c a l  l i m i t a t i o n s  o f  CGE m o d e l s  shou ld  b e  k e p t  i n  m ind .  These  a r e  

d iscussed be low.  

T h e  c r i t i c s  o f  CGE mode ls  m a i n l y  f o c u s  t h e i r  a t t e n t i o n  o n  t h e  f u n c t i o n a l  

a n d  n u m e r i c a l  s t r u c t u r e  o f  t h e  c a l i b r a t e d  CGE mode l .  M a i n  c o m m e n t s  o n  

CGE f r a m e w o r k  a r e  i n d i c a t e d  i n  t h e  f o l l o w i n g .  T h i s  s e c t i o n  d r a w s  o n  t h e  

w o r k  o f  I q b a l  a n d  S idd iqu i  (2001) .  

2.3.1 Criticism of the  functional structure of  the  models 

2 .3 .1 .1  Neoc lass ica l  T h e o r y  

M o s t  CGE m o d e l s  c o m m o n l y  use neoc lass ica l  spec i f i ca t i ons .  As i n d i c a t e d  

by  Hanson a n d  Heckman (1996) ,  neoc lass ica l  t heory ,  a l t h o u g h  w e l l  

k n o w n  a n d  unders tood ,  may  n o t  necessar i ly  b e  a n  a c c u r a t e  r e f l e c t i o n  o f  

t h e  economy.  Radica l  c losu re  r u l e s  c o m m o n l y  a d o p t e d  i n  neoc lass ica l  

CGE m o d e l s  h a v e  b e e n  p r o v e d  r e l a t i v e l y  i naccura te .  

2.3.1.2 Choice o f  Func t iona l  Fo rms  

Researchers  use  f i r s t  o r d e r  f u n c t i o n a l  f o r m s  i n  m o s t  CGE models,  

spec i f ica l ly ,  c o n s t a n t  e l a s t i c i t y  o f  s u b s t i t u t i o n  (CES), wh ich,  b y  i m p o s i n g  

a  s ing le  n o n - n e g a t i v e  s u b s t i t u t i o n  e l a s t i c i t y  ac ross  a i l  p a i r s  o f  g o o d s  i n  

t h e  aggrega to r ,  embod ies  r e s t r i c t i v e  assumpt ions  a b o u t  t h e  s t r u c t u r e  o f  

t h e  i n d u s t r i e s  b e i n g  mode l led .  Mansur  a n d  Wha l ley  ( 1 9 8 4 )  p r e s e n t e d  a 

c o m p a r i s o n  o f  a  o n e  consumer ,  t w o  sec to r  CGE m o d e l  w h e r e  o n e  v e r s i o n  

is  c a l i b r a t e d  a n d  t h e  o t h e r  is  e s t i m a t e d  b u t  each  uses CES-class 



f u n c t i o n a l  f o r m s .  They  f o u n d  t h a t  e s t i m a t e s  o f  t a x - i n d u c e d  w e l f a r e  

losses n e v e r t h e l e s s  d i v e r g e d  cons ide rab ly  f o r  some per iods .  M c k i t r i c k  

( 1 9 9 8 )  u n d e r t o o k  a  ser ies  o f  c o m p a r a t i v e  s imu la t ions ,  w h i c h  showed  t h a t  

t h e  f u n c t i o n a l  s t r u c t u r e  a p p e a r e d  t o  s t r o n g l y  i n f l u e n c e  t h e  r e s u l t s  f r o m  

a p o l i c y  s i m u l a t i o n  a t  b o t h  t h e  i n d u s t r y - s p e c i f i c  a n d  macroeconomic  

levels,  f o r  l a r g e  a n d  sma l l  p o l i c y  shocks.  I n  t h i s  regard,  McK i t r i ck  ( 1 9 9 8 )  

a n d  Per ron i  a n d  R u t h e r f o r d  (1995)  sugges ted  t h a t  a  p r e f e r r e d  a l t e r n a t i v e  

w o u l d  b e  t o  use  f l e x i b l e  f u n c t i o n a l  fo rms .  Examples o f  such  f o r m s  a r e  

t h e  t r a n s l o g  o r  n o r m a l i s e d  q u a d r a t i c  fo rms,  w h i c h  h a v e  e n o u g h  f r e e  

p a r a m e t e r s  t o  p r o v i d e  a  second o r d e r  a p p r o x i m a t i o n  t o  a n y  u n d e r l y i n g  

p r e f e r e n c e  o r  t e c h n o l o g y  a g g r e g a t o r  f u n c t i o n .  These  can  t h e r e f o r e  

r e p r e s e n t  a l l  t h e  r e l e v a n t  o w n -  a n d  c ross -p r i ce  e l a s t i c i t i e s  d e r i v e d  f r o m  

a n  a r b i t r a r y  u t i l i t y  o r  p r o f i t  f unc t ion ,  w i t h o u t  i m p o s i n g  p r i o r  c o n s t r a i n t s .  

2.3.1.3 Choice o f  Paramete rs  

I n  t h e  CGE model ,  p a r a m e t e r s  a r e  d e t e r m i n e d  i n  v a r i o u s  ways.  Some a r e  

d e t e r m i n e d  o n  t h e  bas is  o f  a  su rvey  o f  e m p i r i c a l  l i t e r a t u r e ,  some a r e  

chosen  a r b i t r a r i l y ,  a n d  t h e  r e m a i n d e r  a r e  s e t  a t  va lues  w h i c h  a l l o w  t h e  

m o d e l  t o  r e p l i c a t e  t h e  d a t a  o f  a  chosen  b e n c h m a r k  year .  C r i t i cs  of t h i s  

a p p r o a c h  inc lude ,  a m o n g  o the rs ,  Jo rgensen  (1984),  Lau  (1984) ,  

Jo rgensen  e t  at. (1992) ,  D i e w e r t  a n d  Lawrence  (1994), a n d  M c k i t r i c k  

(1998) ,  a n d  t h e i r  c r i t i c i s m  is  based  o n  severa l  g rounds .  Fi rst ,  mode l le rs  

o f t e n  use  e l a s t i c i t i e s  e s t i m a t e d  f r o m  c o m m o d i t y  a n d  o r  i n d u s t r y  

c lass i f i ca t i ons .  These  a r e  o f t e n  i n c o n s i s t e n t  w i t h  t h o s e  m a i n t a i n e d  i n  t h e  

model ,  a n d / o r  a rcha ic  e s t i m a t e s  f r o m  p a s t  l i t e r a t u r e  s tud ies  o r  o u t r i g h t  

guesses w h e n  n o  p u b l i s h e d  f i g u r e s  a r e  ava i l ab le .  These  h a m p e r  t h e  

a b i l i t y  o f  t h e  m o d e l  t o  r e p r e s e n t  t h e  r e a l  tas tes  o f  t h e  economy u n d e r  

s t u d y  a n d  users  o f  t h e  s i m u l a t i o n  r e s u l t s  f i n d  it a l m o s t  imposs ib le  t o  

a p p r a i s e  t h e  ev idence  s u p p o r t i n g  t h e  cho ice  o f  m o s t  p a r a m e t e r  va lues .  

2 .3 .1 .4  S t a t i c  CGE Model  

Mos t  CGE m o d e l s  a r e  bas ica l l y  s t a t i c  (a - tempora l ) ,  m e a n i n g  t h a t  t h e  

mode ls  used i n  m o s t  a p p l i c a t i o n s  a p p l y  t o  a  s i n g l e  per iod,  w h i c h  m a y  

r a n g e  f r o m  a year  t o  a  l i f e t i m e .  "S ta t i c  CGE m o d e l s  can  address  



q u e s t i o n s  o f  w h a t  happens t o  a n  economy as  it m o v e s  f r o m  o n e  s t a t e  o f  

exogenous  c o n d i t i o n s  t o  another ,  i .e.  c o m p a r a t i v e  s t a t i c  ana lys is"  ( I q b a l  

a n d  S idd iqu i ,  2001) .  Compara t i ve  s t a t i c  analysis,  b y  design,  o m i t s  t h e  

t i m e  p a t h  o f  response.  T h e  i n t r o d u c t i o n  o f  d y n a m i c  behav iou r  i n  a  CGE 

m o d e l  is  a n  a t t e m p t  t o  i n c o r p o r a t e  t h e  t i m e  d i m e n s i o n  i n  po l i cy  ana lys is .  

Moreover ,  if CGE mode ls  a r e  t o  b e  used  f o r  fo recas t ing ,  t h e y  m u s t  

i n c l u d e  d y n a m i c  behav iou r .  The  m o s t  i n v a s i v e  aspec t  o f  d y n a m i c  CGE 

m o d e l s  is  d y n a m i c  househo ld  b e h a v i o u r .  Severa l  concerns  come t o  m i n d  

w h e n  d y n a m i c  b e h a v i o u r  is  i nc luded .  F i r s t  c a l i b r a t i n g  t o  b e n c h m a r k  d a t a  

f o r  o n e  year  a n d  t h e n  s i m u l a t i n g  a  ba lanced  g r o w t h  p a t h  g i v e n  e x i s t i n g  

exogenous  cond i t i ons ,  has become common i n  t h e  CGE l i t e r a t u r e .  

There fo re ,  t h e  CGE m o d e l  m u s t  n o t  b e  c a l i b r a t e d  t o  o n e  year  o f  d a t a  as 

p o i n t e d  o u t  b y  Pere i ra  a n d  Shoven (1988), b u t  t o  a  g r o w t h  p a t h .  Some 

m o d e l l e r s  have, t h r o u g h  t h e  "sequenc ing"  o f  e q u i l i b r i u m  cond i t i ons ,  

es tab l i shed  t h e  t i m e  path ,  m e a n i n g  t h a t  i n  e a c h  per iod,  e q u i l i b r i u m  is  

c a l c u l a t e d  g i v e n  e x i s t i n g  supp l ies  o f  c a p i t a l  a n d  l a b o u r .  A new 

e q u i l i b r i u m  is  c a l c u l a t e d  w h e n  t h e  supp l ies  o f  c a p i t a l  a n d  l a b o u r  a r e  

u p d a t e d .  The  sequence  o f  t h e  e q u i l i b r i u m  c o n d i t i o n s  i n d i c a t e s  t h e  t i m e  

p a t h  o f  t h e  economy.  However ,  w h e r e  e q u i l i b r i u m  is  assumed t o  occur  i n  

each  per iod,  r a t h e r  t h a n  b e i n g  e m p i r i c a l l y  es tab l ished,  e x p e c t a t i o n s  a r e  

t y p i c a l l y  assumed t o  b e  r a t i o n a l .  Because s t r u c t u r a l  f e a t u r e s  a r e  o f t e n  

based m o r e  o n  conven ience  t h a n  on  a n y  p r i o r  k n o w l e d g e  a b o u t  

economies,  i t seems w o r t h w h i l e  t o  choose  as s h o r t  a  t i m e  p e r i o d  as t h e  

d a t a  a l l o w  a n d  t o  r e s e r v e  t h e  use o f  s t a t i c  m o d e l s  t o  s ingle,  s h o r t  p e r i o d  

a p p l i c a t i o n s  ( I q b a l  a n d  S idd iqu i ,  2001).  

2.3.1.5 Resu l ts '  S e n s i t i v i t v  

'CGE a p p l i c a t i o n s  o f t e n  d o  n o t  examine  t h e  s e n s i t i v i t y  o f  t h e i r  r e s u l t s  t o  

a l t e r n a t i v e  p a r a m e t e r i z a t i o n s .  Where  pe r fo rmed ,  s e n s i t i v i t y  ana lys i s  is  

u s u a l l y  l i m i t e d  t o  s imp ly  j u d g m e n t a l l y  c h a n g i n g  a  f e w  key  e las t i c i t i es "  

( I q b a l  a n d  S idd iqu i ,  2001) .  When  u s i n g  t h i s  p rocedure ,  t h e r e  w i l l  a lways  

b e  u n c e r t a i n t y  r e g a r d i n g  t h e  i m p o t e n c e  o f  t h e  e l a s t i c t i e s  se lec ted.  By 

c h a n g i n g  e a c h  e l a s t i c i t y  c o n d i t i o n a l  u p o n  t h e  base  va lues  o f  t h e  

r e m a i n i n g  e las t i c i t i es ,  a  m o r e  e x t e n s i v e  s e n s i t i v i t y  ana lys i s  can  b e  

p e r f o r m e d .  However ,  i t is  u n c e r t a i n  w h e t h e r  t h e  p a r t i c u l a r  c o m b i n a t i o n s  



o f  e l a s t i c i t y  va lues  a r e  s u b j e c t i v e  t o w a r d  some outcome,  and  h o w  m u c h  

t h e  paramete rs  shou ld  be  changed t o  d e m o n s t r a t e  t h e  fo rce fu lness  o f  

t h e  resu l ts .  W i g l e  (1991),  and  Par t r i dge  a n d  Rickman (1998)  i n d i c a t e d  

t h a t  t h e  s e n s i t i v i t y  ana lys is  has been f o u n d  t o  b e  o v e r l y  o p t i m i s t i c  a b o u t  

t h e  fo rce fu lness  o f  CGE resu l t s .  To  make a w o r t h w h i l e  appra isa l  o f  t h e  

robus tness  o f  resu l ts ,  i t i s  i m p o r t a n t  t h a t  a l l  poss ib le  comb ina t ions  o f  

feas ib le  va lues o f  e las t i c i t i es  shou ld  be  used, i.e. u n c o n d i t i o n a l  

s e n s i t i v i t y  ana lys is .  For example,  McGregor e t  a / .  (1995)  emp loyed  t h e  

u n c o n d i t i o n a l  s e n s i t i v i t y  approach.  They  assumed u n i f o r m  d i s t r i b u t i o n  o f  

t h i r t y - n i n e  e las t ic i t ies ,  w h i c h  r e q u i r e  t h e  mode l le rs  t o  spec i f y  t h e  r a n g e  

o f  poss ib le  va lues o f  t h e  e las t i c i t i es .  T o  assess t h e  genera l  

reasonableness o f  t h e  p r e d i c t i o n s  o f  t h e  CGE model ,  some compar i son  

shou ld  b e  made, even  t h o u g h  a d i r e c t  compar i son  o f  CGE p r e d i c t i o n s  t o  

economet r i c  e s t i m a t e s  may  b e  p r o b l e m a t i c  ( I q b a l  a n d  Siddiqui ,  2001) .  

There fo re ,  i t i s  i m p o r t a n t  t h a t  t h e r e  shou ld  b e  s e n s i t i v i t y  ana lys is  and  a  

v e r i f i c a t i o n  o f  t h e  m o d e l  p r o p e r t i e s  w i t h  c u r r e n t  economet r i c  ev idence  i n  

t h e  l i t e r a t u r e .  Th is  can  be  ach ieved  by s i m u l a t i n g  t h e  CGE m o d e l  i n  a  

manner  as  cons is ten t  as poss ib le  w i t h  t h e  f r a m e w o r k  w i t h i n  w h i c h  t h e  

economet r i c  e s t i m a t e s  a r e  o b t a i n e d .  

2.3.2 Crit icism of  the  numerical  structure o f  the  models 

2.3.2 .1  Qua l i t y  o f  Da ta  

T h e  q u a l i t y  o f  t h e  da ta  f o r  a n  a r b i t r a r i l y  chosen benchmark  year  

p a r t i a l l y  d e t e r m i n e s  t h e  q u a l i t y  o f  t h e  mode l .  T h e  genera l i sa t ions  d r a w n  

f r o m  t h e  mode l  w i l l  be  less va l id ,  s ince t h e r e  a r e  a lways  s tochas t i c  

anoma l ies  a n d  e x t r a o r d i n a r y  economic  even ts  assoc ia ted w i t h  a n y  o n e -  

year  o f  a  t i m e  ser ies .  ' I n  add i t ion,  t h e  da ta  m a t r i c e s  o f t e n  g o  t h r o u g h  

va r ious  sca l ing  processes t o  f o r c e  m i c r o  cons is tency,  i n t r o d u c i n g  

un t raceab le  b iases i n t o  t h e  rows  a n d  co lumns.  These  biases w i l l  d i r e c t l y  

i n f l u e n c e  t h e  paramete rs  o f  a  ca l ib ra ted  mode l "  ( I q b a l  a n d  Siddiqui ,  

2001) .  



2.3.2.2 Model  C a l i b r a t i o n  

T h e  a p p r o p r i a t e n e s s  o f  c a l i b r a t i n g  CGE m o d e l s  t o  a  b e n c h m a r k  year  d a t a  

se t  has  come u n d e r  cons ide rab le  s c r u t i n y  i n  t h e  CGE m o d e l i n g  l i t e r a t u r e .  

Lau  (1984),  Hansen and  Heckman (1996) ,  a n d  P a r t r i d g e  a n d  R ickman 

(1998), n o t e d  t h a t  t h e  r e l i a n c e  o n  o n e - y e a r  d a t a  makes t h e  sys tem 

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

r e f l e c t e d  b y  t h e  b e n c h m a r k  year .  "Some mode l le rs  h a v e  sugges ted  t h a t  

s y s t e m - w i d e  e c o n o m e t r i c  e s t i m a t i o n  o f  a  CGE m o d e l  may  a v o i d  t h i s  

i ncons is tency  b y  i n c o r p o r a t i n g  c r o s s - e q u a t i o n  r e s t r i c t i o n s  i n  t h e  

e s t i m a t i o n  process"  ( I q b a l  a n d  S idd iqu i ,  2001) .  B u t  sys tem-w ide  

e s t i m a t i o n  has  e v e n  m o r e  prob lems,  espec ia l l y  a t  t h e  r e g i o n a l  l e v e l  

w h e r e  p r i c e  a n d  q u a n t i t y  d a t a  a r e  n o t  r e a d i l y  ava i l ab le .  Mansur  a n d  

Wha l ley  (1984)  used averages  o f  benchmark  years  as a  r e m e d y  f o r  

c a l i b r a t i n g  t o  a  s ing le  b e n c h m a r k  year .  However,  Lau (1984)  a n d  Hansen 

a n d  Heckman (1996)  p o i n t e d  o u t  t h a t  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  t h i s  

p r o c e d u r e  a r e  u n k n o w n .  

2.4 CONCLUDING R E M A R K S  

D e s p i t e  o f  a l l  c r i t i c i s m s  a n d  l i m i t a t i o n s  t h a t  can  b e  f o u n d  i n  t h e  CGE 

l i t e ra tu re ,  CGE m o d e l s  a r e  becoming  m o r e  w i d e l y  used i n  p o l i c y  ana lys is .  

T h e  advan tages  o f  CGE m o d e l s  f o r  p o l i c y  analyses,  c o m p a r e d  t o  

t r a d i t i o n a l  macro -economic  models,  a r e  now w i d e l y  acknow ledged .  

There fo re ,  CGE m o d e l s  r e p r e s e n t  a  s i g n i f i c a n t  a d v a n c e m e n t  i n  economic  

ana lys i s .  However ,  i t is  n o t  y e t  c lea r  h o w  a c c u r a t e  CGE mode ls  a r e  

q u a n t i t a t i v e l y ,  p a r t i c u l a r  i n  compar i son  t o  o t h e r  t y p e s  o f  models .  I s s u e s  

t h a t  need  t o  b e  e x p l o r e d  f u r t h e r  a r e  issues o f  f u n c t i o n a l  fo rm,  e l a s t i c i t y  

spec i f i ca t i on ,  c losu re  ru les ,  s e n s i t i v i t y  analysis,  m a r k e t  s t ruc tu re ,  a n d  

dynamics .  I t  s h o u l d  b e  e x a m i n e d  w h e t h e r  CGE m o d e l s  b e t t e r  e x p l a i n  

p a t t e r n s  i n  t h e  d a t a  t h a n  o t h e r  mode ls  w h y  t h e  f i n d i n g s  o f  t h e s e  mode ls  

d i f f e r  f r o m  t h o s e  p r o d u c e d  b y  o t h e r  t y p e s  o f  mode ls .  For  CGE mode ls  t o  

m o v e  b e y o n d  s imp ly  p r o v i d i n g  new i n s i g h t s  t o  p l a y i n g  a  m o r e  s i g n i f i c a n t  

r o l e  i n  po l i cymak ing ,  m u c h  s t i l l  r e m a i n s  t o  b e  d o n e .  T o  t h i s  end,  CGE 

mode l le rs  m i g h t  focus  m o r e  o n  t h e  dynamics  o r  t i m e - p a t h s  o f  

r e l a t i o n s h i p s  i n  a n  economy.  



Since bu i ld ing,  app ly ing,  eva luat ing,  and  m a i n t a i n i n g  a  CGE m o d e l  o f  a n  

economy is  such a  l a r g e  respons ib i l i t y  and  t i m e  consuming,  o n l y  

f r a c t i o n s  o f  i n d i v i d u a l  careers  have  been  d e v o t e d  t o  t h e  e f f o r t .  

I n s t i t u t i o n a l  e f f o r t  a n d  f u n d i n g  m i g h t  be  requ i red,  b o t h  f o r  a p p l i c a t i o n  

a n d  t h e o r y .  J o i n t  research  p rogrammes o f  model lers ,  econometr ic ians,  

theoret ic ians,  and  c o m p u t a t i o n a l  economis ts  m i g h t  be  necessary t o  

sus ta in  an  e f f e c t i v e  l a r g e  scale CGE mode l  o f  a n  economy.  

T h e  cho ice  o f  a  su i tab le  m e t h o d o l o g y  fo r  economic  i m p a c t  ana lys is  must ,  

f o r  these  reasons, be  u n d e r t a k e n  o n  a  case-by-case basis a n d  it is  a l so  

i m p o r t a n t  t h a t  t h e  ana lys is  be  p resen ted  i n  a  manner  i n  w h i c h  t h e  

assumpt ions  t h a t  f o r m  t h e  basis o f  t h e  resu l t s  a r e  c lea r .  An accura te  

appra isa l  shou ld  inc lude  s e n s i t i v i t y  ana lys is  p r o v i d i n g  i n f o r m a t i o n  o n  

h o w  changes i n  t h e  models '  spec i f ica t ion,  r e f l e c t i n g  a l t e r n a t e  

assumpt ions,  w o u l d  a f f e c t  t h e  resu l ts .  I f  such d o c u m e n t a t i o n  i s  included, 

i t may be  t a k e n  as a  s ign  o f  a  cons ide red  ana lys is .  

I n  t h e  n e x t  chap te r  a  d e f i n i t i o n  a n d  c lass i f i ca t ion  o f  CGE m o d e l l i n g  is  

g iven, based o n  t h e  h i s t o r i c a l  d e v e l o p m e n t  o f  e m p i r i c a l  CGE analysis,  

t h e  spec i f i ca t ion  o f  d i f f e r e n t  mode ls  and  t h e  d e t e r m i n a t i o n  o f  

parameters ,  i n  o r d e r  t o  d raw u p  a  c lass i f i ca t ion  and  e v a l u a t i o n  

f r a m e w o r k  fo r  CGE mode ls .  



CHAPTER 3 

CLASSIFICATION AND EVALUATION FRAMEWORK 

3 .1  INTRODUCTION 

CGE models  h a v e  become m o r e  and  m o r e  p o p u l a r  t o  ana lyse t h e  

consequences o f  economic  po l i cy  cho ices and  t h e  a l l o c a t i o n  o f  resources 

i n  c o u n t r i e s  w o r l d w i d e .  CGE models  a r e  ausp ic ious  because comp lex  

in te rdependenc ies  a r e  inc luded  i n  t h e  ana lys is .  T h e  r e s u l t i n g  f i n a l  

economic  ou tcomes  may d i f f e r  adverse ly  f r o m  t h e  i n t e n t i o n  o f  t h e  

po l i cymakers  a n d  t h e  d i r e c t  e f f e c t s  p r e d i c t e d  b y  p a r t i a l  e q u i l i b r i u m  

models  (Thissen, 1998 :2 ) .  CGE models  accoun t  f o r  these  in te rac t ions  by 

m o d e l l i n g  a l l  l i n k s  i n  t h e  economy t h a t  r e p r e s e n t  a  t r a n s a c t i o n  o f  money  

o r  goods.  This, however,  means t h a t  mode l le rs  can  o n l y  have  an  

u n d e r s t a n d i n g  o f  r e a l  economies w h e n  t h e y  can  show t h a t  t h e  d e t a i l e d  

imp l i ca t ions  o f  t h e i r  theor ies  p r o v i d e  s u f f i c i e n t l y  accura te  

rep resen ta t ions  o f  t h e  rea l  wor ld .  On ly  t h e n  can  t h e i r  models  be  t a k e n  

se r ious ly  f o r  fo recas t ing  and  po l i cy  ana lys is  (Rust,  1997) .  

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

emp i r i ca l  CGE models .  D i f f e r e n t  names l i k e  T r a n s a c t i o n  Value models,  

Computab le  General  Equ i l i b r ium models,  App l ied  General  Equ i l i b r ium 

mode ls  a n d  SAM-based Genera l  Equ i l i b r ium mode ls  have been  used, 

w i t h o u t  g i v i n g  a  p r o p e r  c lass i f i ca t ion  o f  models .  I n  t h i s  chap te r  a  

d e f i n i t i o n  a n d  c lass i f i ca t ion  o f  CGE m o d e l l i n g  w i l l  be  g i v e n  ( d r a w n  f r o m  

t h e  w o r k  o f  Th issen (1998)) ,  based on t h e  h i s t o r i c a l  deve lopment  o f  

e m p i r i c a l  CGE analysis,  t h e  chosen m o d e l  spec i f i ca t ion  and  t h e  

d e t e r m i n a t i o n  o f  parameters ,  i n  o r d e r  t o  d r a w  u p  a  c lass i f i ca t ion  a n d  

e v a l u a t i o n  f r a m e w o r k  f o r  CGE mode ls  used  i n  t h e  Sou th  A f r i can  c o n t e x t .  

T h e  rema inder  o f  t h i s  chap te r  is  o rgan ised  as f o l l o w s .  Sect ion 2  g ives a  

d e f i n i t i o n  o f  CGE mode l l i ng .  D i f f e r e n t  ways t o  c lass i fy  models  a r e  



p r e s e n t e d  i n  sec t ion  3 .  A c l a s s i f i c a t i o n  o f  CGE m o d e l s  i s  g i v e n  i n  s e c t i o n  

4, a n d  t h e  f i n a l  sec t ion  c o n t a i n s  a  b r i e f  summary  o f  t h e  chap te r .  

3.2 DEFINING CGE 

'A CGE m o d e l  m a y  b e  d e f i n e d  as t h e  f u n d a m e n t a l  macroeconomic  g e n e r a l  

e q u i l i b r i u m  l i n k s  a m o n g  incomes  o f  va r ious  groups,  t h e  p a t t e r n  o f  

demand, t h e  ba lance  o f  p a y m e n t s  a n d  a  m u l t i - s e c t o r  p r o d u c t i o n  

s t r u c t u r e "  (Th issen,  1998 :2 ) . '  The  m o d e l  i n t e g r a t e s  a  s e t  o f  b e h a v i o u r a l  

equa t ions ,  w h i c h  desc r ibe  t h e  economic  b e h a v i o u r  o f  t h e  a g e n t s  

i d e n t i f i e d  i n  t h e  m o d e l  a n d  t h e  t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  

c o n s t r a i n t s  t h a t  t h e y  face.  T h e  a g e n t s  i d e n t i f i e d  by  t h e  m o d e l  m a y  b e  

r e p r e s e n t a t i v e  a g e n t s  l i k e  a  t y p i c a l  h o u s e h o l d  w i t h  a  g i v e n  

soc ioeconomic  background .  I t  is  a l so  poss ib le  t h a t  t h e  b e h a v i o u r a l  

e q u a t i o n s  desc r ibe  t h e  behav iou r  o f  l a r g e r  e n t i t i e s  l i k e  soc ia l  g roups .  

Because a  s e t  o f  p r i c e s  a n d  q u a n t i t i e s  exists,  t h e  m o d e l  is  i n  

equ i l i b r i um,  such t h a t  a l l  excess demands  f o r  n o m i n a l  as  w e l l  as r e a l  

q u a n t i t i e s  o f  c o m m o d i t i e s  a n d  serv ices,  a r e  zero .  

3.2.1 Narrowing the  def in i t ion 

Regre t tab ly ,  t h i s  d e f i n i t i o n  inc ludes  mode ls  t h a t  a r e  g e n e r a l l y  n o t  seen 

as CGE mode ls  a n d  a l t h o u g h  many  n u m e r i c a l  m u l t i - s e c t o r  m o d e l s  a r e  

usua l l y  r e f e r r e d  t o  as  b e i n g  'CGE models' ,  t h e r e  e x i s t s  n o  accord  o n  a  

p rec ise  a n d  e x c l u d i n g  d e f i n i t i o n  o f  a  CGE m o d e l .  Fo l l ow ing  Bergman's  

( 1 9 9 0 )  example ,  t h i s  d e f i n i t i o n  p r o b l e m  m i g h t  b e  o v e r c o m e  by  n a r r o w i n g  

t h e  d e f i n i t i o n  o f  CGE m o d e l s  b y  desc r ib ing  t h e i r  c o m m o n  a n d  d i s t i n c t  

cha rac te r i s t i cs .  

'CGE mode ls  a r e  a  c o m b i n e d  r e p r e s e n t a t i o n  o f  t h e  e c o n o m y  a n d  a r e  

based o n  t h e  f l o w  e q u i l i b r i u m  i n  p r o d u c t  a n d  f a c t o r  m a r k e t s  i n  b o t h  r e a l  

a n d  n o m i n a l  va lues"  (Th issen,  1998) .  I n  c o n t r a s t  t o  i n p u t - o u t p u t  

analysis,  b o t h  q u a n t i t i e s  a n d  r e l a t i v e  p r i c e s  a r e  endogenous,  w h i l e  

' This definition combines and narrows the definitions of Dixon, Parmenter, Powell and Wilcoxen (1992:70) and of Dervis, 
De Melo and Robinson (1982:132-133). 



c o n s u m p t i o n  i s  n o  longer  exogenous b u t  l i n k e d  t o  income.  The genera l  

e q u i l i b r i u m  approach  i n t e n d s  t o  mode l  a l l  l i n k s  w i t h i n  t h e  economy t h a t  

r e p r e s e n t  a  t r a n s a c t i o n  o f  money o r  goods. T h e  ana lys is  is  usua l l y  based 

o n  c o m p a r a t i v e  numer ica l  s ta t i c  ana lys is  o f  changes i n  exogenous 

cond i t i ons .  There fo re ,  t h e  base e q u i l i b r i u m  s i t u a t i o n  is  compared  w i t h  

t h e  new e q u i l i b r i u m  a f t e r  t h e  exogenous  shocks h a v e  t a k e n  p lace 

(Thissen, 1998) .  

Overal l ,  t h e  a i m  o f  CGE mode l l i ng  i s  t o  b u i l d  a  m o d e l  w i t h  a  r e l a t i v e l y  

t r a n s l u c e n t  s t r u c t u r e  i n  o rder  t o  c l a r i f y  t h e  mechanism w i t h  w h i c h  po l i cy  

measures o r  exogenous  shocks a f f e c t  t h e  economy w i t h i n  a  m u l t i - s e c t o r  

f r a m e w o r k  (Thissen, 1998) .  I t  is  o f t e n  n o t  t h e  o b j e c t i v e  t o  fo recas t  t h e  

e x a c t  o u t c o m e  o f  po l i cy  measures as wi th ,  f o r  example,  a  reduced  f o r m -  

f o r e c a s t i n g  mode l  (Ade lman and  Robinson, 1978:6)  g i v e n  t h e  e x i s t i n g  

l i m i t a t i o n s  i n  p a r a m e t e r  e s t i m a t i o n  and  i n  t h e  mode l  s t ruc tu re ,  b u t  t o  

g i ve  on ly  a n  i n d i c a t i o n  o f  t h e  d i r e c t i o n  a n d  s ize o f  t h e  e f fec ts .  More 

o f t e n  t h a n  n o t  t h e  m o d e l  is  b u i l t  f o r  one  coun t ry ,  f o c u s i n g  o n  income 

d i s t r i b u t i o n  o r  resource  a l l oca t ion  w i t h i n  t h e  coun t ry ,  b u t  a l so  m u l t i -  

c o u n t r y  models  r e g a r d i n g  reg iona l  o r  g l o b a l  pe rspec t i ves  ex is t  and  a r e  

becoming  m o r e  and  m o r e  popu la r .  

3.3 C A T E G O R I S I N G  CGE M O D E L S  

T h e  v a r i e t y  o f  mode ls  can  b e  c lass i f i ed  i n  a  n u m b e r  o f  d i f f e r e n t  ways.  

One approach  is  b y  mathemat i ca l  s t r u c t u r e  ( o p t i m i s a t i o n  o r  s imu la t ion ,  

s t a t i c  o r  dynamic,  a n d  l i near  o r  n o n - l i n e a r )  o r  methodo logy  

(macroeconomet r i c ,  c o m p u t a b l e  genera l  e q u i l i b r i u m ) .  Ano ther  i s  

accord ing  t o  po l i cy  focus.  Models can a lso  b e  c lass i f ied b y  t h e o r e t i c a l  

t y p e  o r  b y  t h e  n a t u r e  o f  t h e  u n d e r l y i n g  t h e o r e t i c a l  s t r u c t u r e .  Th is  

sec t ion  d r a w s  o n  t h e  w o r k  o f  Robinson (1989) .  

3.3.1 Mathemat ica l  structure and methodology 

Work  o n  a  n e w  t y p e  o f  non- l i near ,  m u l t i s e c t o r a l  model ,  was deve loped  i n  

t h e  ear l y  1070s, wh ich  sough t  t o  r e p l i c a t e  t h e  mechanism o f  a  m a r k e t  

economy, so lv ing  f o r  b o t h  m a r k e t  p r i ces  a n d  q u a n t i t i e s  c o n c u r r e n t l y .  



These  m o d e l s  w e r e  a p t l y  n a m e d  CGE mode ls  a n d  can  b e  seen as  a  

n a t u r a l  p r o d u c t  o f  i n p u t - o u t p u t  a n d  l i n e a r  p r o g r a m m i n g  (LP) models,  

a d d i n g  neoc lass ica l  s u b s t i t u t a b i l i t y  i n  p r o d u c t i o n  a n d  demand, i n  

a d d i t i o n  t o  a n  e x p l i c i t  sys tem o f  m a r k e t  p r i ces  a n d  a  c o m p l e t e  

s p e c i f i c a t i o n  o f  t h e  i n c o m e  f l o w s  i n  t h e  economy ( A d e l m a n  a n d  

Robinson, 1978) .  

S ince t h e n  m a j o r  i m p r o v e m e n t s  h a v e  been  m a d e  i n  s o l u t i o n  t e c h n i q u e s  

t h a t  has p e r m i t t e d  t h e  i m p l e m e n t a t i o n  o f  CGE models .  Four  d i f f e r e n t  

approaches  w e r e  pu rsued .  "First ,  t h e  s o l u t i o n  o f  a  CGE m o d e l  can  b e  

f o r m u l a t e d  as a  p r o b l e m  i n  f i n d i n g  a  f i x e d  p o i n t  i n  a  m a p p i n g  o f  p r i c e s  

t o  p r i c e s  t h r o u g h  excess demand  e q u a t i o n s "  (Robinson, 1989) .  H e r b e r t  

Scar f  p i o n e e r e d  t h i s  approach,  a n d  v a r i a t i o n s  o n  h i s  f i x e d - p o i n t  

a l g o r i t h m  h a v e  b e e n  used  t o  so lve  a  n u m b e r  o f  CGE m o d e l s  (Scar f  a n d  

Hansen, 1973) .  As a  second  approach, a  CGE m o d e l  c a n  b e  t r e a t e d  as 

j u s t  a  c o l l e c t i o n  o f  n o n - l i n e a r  a lgebra ic  equa t ions .  They  can  t h e n  be 

a t t a c k e d  d i r e c t l y  w i t h  n u m e r i c a l  s o l u t i o n  techn iques .  Ade lman  a n d  

Rob inson  (1978)  a n d  a  n u m b e r  o f  o thers ,  h a v e  used t h i s  approach .  'A 

t h i r d  a p p r o a c h  invo lves  f i r s t  l i n e a r i s i n g  a l l  t h e  e q u a t i o n s  o f  t h e  CGE 

m o d e l  a n d  t h e n  s o l v i n g  t h e  l i n e a r  a p p r o x i m a t i o n  b y  s i m p l e  m a t r i x  

i n v e r s i o n "  (Robinson,  1989) .  Johansen (1960)  was  t h e  f i r s t  t o  use  t h i s  

a p p r o a c h  i n  a n  a p p l i e d  CGE m o d e l  and, s ince then,  t h e  a p p r o a c h  has 

a l so  b e e n  used i n  a  n u m b e r  o f  app l i ca t ions .  A f i n a l  a p p r o a c h  i n v o l v e s  

c o n s t r u c t i n g  a  n o n - l i n e a r  p r o g r a m m i n g  mode l .  Th is  model 's  s o l u t i o n  

y ie lds  shadow p r i ces  t h a t  can  b e  i n t e r p r e t e d  as  m a r k e t  pr ices .  G insburgh  

a n d  Wae lb roeck  (1981)  desc r ibe  i n  d e t a i l  t h e  g e n e r a l  a p p r o a c h  o f  us ing  

p r o g r a m m i n g  t e c h n i q u e s  t o  so lve  CGE models .  

Today,  CGE m o d e l s  can b e  so lved  r e g u l a r l y  a n d  inexpens ive ly .  App ly ing  a  

CGE m o d e l  i s  s i g n i f i c a n t l y  eas ie r  now t h a n  i n  t h e  past .  Many o f  t h e  

s h o r t c o m i n g s  o f  LP m o d e l s  h a v e  been  o v e r c o m e  w i t h  t h e  advanced  

d e v e l o p m e n t  o f  n o n - l i n e a r  p r o g r a m m i n g  methods,  a n d  it is  n o w  poss ib le  

t o  i n t e g r a t e  o p t i m i s a t i o n  w i t h  a  m o r e  c o m p l e t e  s p e c i f i c a t i o n  o f  m a r k e t  

systems, i n c l u d i n g  endogenous ly  d e t e r m i n e d  p r i c e s  (Robinson,  1989) .  



3.3.2 Policy focus 

A n o t h e r  w a y  o f  c lass i f y ing  mode ls  is  a c c o r d i n g  t o  t h e  t o p i c  t h a t  t h e y  

w i s h  t o  address  (Robinson, 1989).  I s s u e s  addressed  b y  t h e  e a r l i e r  i n p u t -  

o u t p u t  a n d  LP m o d e l s  were  l a r g e l y  concerned  w i t h  q u e s t i o n s  o f  

i nves tmen t ,  i n t e r n a t i o n a l  t rade,  a n d  t h e  i m p l i c a t i o n s  o f  d i f f e r e n t  

d e v e l o p m e n t  s t r a t e g i e s  i n  t h e  m e d i u m  t o  l o n g  r u n  w i t h  t h e  m a i n  focus  o n  

g r o w t h  a n d  s t r u c t u r a l  change  i n  p r o d u c t i o n  a n d  f o r e i g n  t r a d e  (C la rk  and  

Tay lo r ,  1975) .  However,  t hese  mode ls  w e r e  n o t  w e l l  s u i t e d  t o  ana lyse  

m i x e d  m a r k e t  economies.  'L inear p r o g r a m m i n g  a n d  i n p u t - o u t p u t  mode ls  

d o  n o t  c a p t u r e  m a r k e t  mechanisms t h r o u g h  i n c e n t i v e  i n s t r u m e n t s  such  

as  taxes  a n d  subs id ies  t h a t  a f f e c t  t h e  economy"  (Robinson, 1989) .  T h e  

m o d e l s  p r o v i d e  a  c o n s i s t e n t  e c o n o m y - w i d e  f r a m e w o r k ,  b u t  t h e y  d o  n o t  

p r o v i d e  a  way  t o  r e l a t e  s o l u t i o n  va r iab les  t o  a c t u a l  p o l i c y  dec is ions  

(Tay lor ,  1975) .  

I n c o m e  d i s t r i b u t i o n  was o f  i n t e r n a t i o n a l  c o n c e r n  i n  e a r l i e r  years .  Th is  

s h i f t  i n  p o l i c y  i n t e r e s t  g e n e r a t e d  f u r t h e r  p r e s s u r e  t o  i n c l u d e  p r i ces  a n d  

incomes  d i r e c t l y  i n  models .  T h e  focus  o n  i n c o m e  d i s t r i b u t i o n  a rose  f r o m  

a g r o w i n g  c o n c e r n  t h a t  r a p i d  g r o w t h  a n d  s t r u c t u r a l  change  was n o t  

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

n o t  b e n e f i t i n g  f r o m  g r o w t h  (Ade lman  a n d  Morr is ,  1973) .  T h e  f i r s t  CGE 

m o d e l s  f o r  d e v e l o p i n g  c o u n t r i e s  w e r e  b u i l t  t o  answer  t w o  b r o a d  

q u e s t i o n s :  (1) W h a t  w e r e  t h e  d i s t r i b u t i o n a l  i m p l i c a t i o n s  o f  d i f f e r e n t  

d e v e l o p m e n t  s t r a t e g i e s ?  ( 2 )  How c o u l d  o n e  d e s i g n  p o l i c y  packages t h a t  

w o u l d  r e d u c e  t h e  inc idence  o f  p o v e r t y  a n d  c o r r e c t  t h e  worsen ing  o f  t h e  

d i s t r i b u t i o n  t h a t  seemed i n e v i t a b l y  t o  accompany  i n d u s t r i a l i s a t i o n ?  T w o  

o f  t h e s e  mode ls  w e r e  t h e  m o d e l  o f  Korea b y  Adelman a n d  Rob inson  

( 1 9 7 8 )  and, la ter ,  t h e  m o d e l  o f  B raz i l  b y  Lysy a n d  T a y l o r  (1980) .  

Po l icy  issues have  t h u s  p l a y e d  a  s i g n i f i c a n t  r o l e  i n  t h e  c l a s s i f i c a t i o n  o f  

t h e  d i f f e r e n t  t y p e s  o f  mode ls  o v e r  t h e  years  a n d  s h o u l d  t h e r e f o r e  

r e c e i v e  c lose a t t e n t i o n .  



3.3.3 Analytic, stylised, and appl ied models 

Pol icy  concerns  h a v e  d r i v e n  m o s t  o f  t h e  w o r k  o n  e m p i r i c a l  models .  T h e r e  

is, however,  i n  a l l  p o l i c y  ana lys is  a  t e n s i o n  be tween  t h e o r e t i c a l  

s i m p l i f i c a t i o n  a n d  e m p i r i c a l  rea l i sm.  Th is  tens ion  shou ld  be  k e p t  i n  m i n d  

w h e n  j u d g i n g  e m p i r i c a l  mode ls .  Models can  b e  c lass i f i ed  a l o n g  a  

c o n t i n u u m  r u n n i n g  f r o m  a n a l y t i c  t o  app l ied  (Robinson, 1989) .  

F i rs t ly ,  a n a l y t i c  models  a r e  des igned  t o  e x p l o r e  t h e  i m p l i c a t i o n s  o f  

va r ious  sets  o f  t h e o r e t i c a l  hypotheses,  w i t h  as f e w  assumpt ions  as 

poss ib le  a b o u t  t h e  m a g n i t u d e s  o f  pa ramete rs .  "Therefore ,  a n a l y t i c  

models  a r e  d e l i b e r a t e l y  s i m p l i f i e d  t o  focus a t t e n t i o n  o n  i m p o r t a n t  

assumpt ions  and  causa l  mechanisms"  (Robinson, 1989) .  I n  t h i s  process, 

t h e  s ty l i sed  f a c t s  a r e  o f t e n  exaggerated,  w h i c h  s imp l i f i es  a n  a n a l y t i c  

m o d e l  and  a l l ows  mathemat i ca l  ana lys is  o f  i t s  p r o p e r t i e s  (Ade lman and  

Robinson, 1978).  

Emp i r i ca l  rea l i sm i s  n o t  t h e  m o s t  r e l e v a n t  c r i t e r i o n  when  e v a l u a t i n g  

a n a l y t i c  models,  w h i c h  focus  o n  t h e  log ica l  imp l i ca t ions  o f  d i f f e r e n t  sets  

o f  assumpt ions .  What  makes an  a n a l y t i c  mode l  use fu l  is  t h a t  i t i so la tes  

i m p o r t a n t  e f f e c t s  w h i l e  r e t a i n i n g  a  reasonab le  spec i f i ca t ion .  "There  is  

c lea r l y  a  t r a d e - o f f  b e t w e e n  emp i r i ca l  re levance  (i .e. t h e  r a n g e  a n d  

c o m p l e x i t y  o f  issues t h a t  can b e  cons ide red  i n  a  mode l )  a n d  a n a l y t i c  

t r a c t a b i l i t y "  (Robinson, 1989) .  Ana ly t i c  models  a r e  usua l l y  n a r r o w l y  

focused  w i t h  a  p re fe rence  f o r  a  p a r t i a l  r a t h e r  t h a n  a  genera l  e q u i l i b r i u m  

approach  (Ade lman a n d  Robinson, 1978) .  

Numerous  economic  occur rences  t h a t  can  b e  i so la ted  i n  p a r t i c u l a r  

a n a l y t i c  mode ls  w o r k  i n  oppos ing  d i rec t ions .  Fur thermore,  t h e  n e t  

e f f e c t s  i n  a  rea l  economy depend  o n  t h e  va lues o f  var ious paramete rs .  

When an  a n a l y t i c a l  m o d e l  is  n o t  su f f i c ien t ,  a  s o l u t i o n  m i g h t  be  t o  d r a w  

o n  e m p i r i c a l  w o r k  and  t o  b u i l d  a  s ty l i sed  numer ica l  mode l .  

"S ty l i sed  numer ica l  mode ls  have  t w o  m a i n  uses: (1) t o  ana lyse  p rob lems 

t h a t  a r e  t o o  d i f f i c u l t  t o  so lve  ana ly t i ca l l y  o r  t h a t  have amb iguous  

imp l i ca t ions  t h a t  depend  o n  p a r t i c u l a r  p a r a m e t e r  values,  a n d  (2)  t o  



i l l u s t r a t e  t h e  n u m e r i c a l  o r d e r  o r  m a g n i t u d e  o f  va r ious  e f f e c t s  whose 

a n a l y t i c  p r o p e r t i e s  a r e  w e l l  u n d e r s t o o d "  (Robinson, 1989) .  

Charac te r i s t i ca l l y ,  s t y l i sed  numer i ca l  mode ls  a r e  m o r e  comp lex  t h a n  

a n a l y t i c  mode ls .  S ty l i sed  n u m e r i c a l  m o d e l s  r e q u i r e  w i d e r  a p p l i c a b i l i t y  

a n d  n o  l o n g e r  r e q u i r e  s imp l i c i t y .  Yet, s t y l i sed  n u m e r i c a l  mode ls  t e n d  t o  

s tay  c lose t o  t h e i r  u n d e r l y i n g  a n a l y t i c  models .  S ty l i sed  m o d e l s  a r e  s t i l l  

u n d e r d e v e l o p e d  w i t h  regards  t o  t h o s e  mode ls  t h a t  seek t o  f i n d  a  r e a l i s t i c  

w a y  t o  i d e n t i f y  t h e  v a r i e t y  o f  i m p o r t a n t  e f f e c t s  t h a t  m i g h t  i m p o s e  o n  a  

p a r t i c u l a r  p o l i c y  p r o b l e m  (Robinson, 1989 :892) .  T h i s  w o u l d  f a l l  i n  t h e  

r e a l m  o f  a p p l i e d  mode ls .  

App l ied  m o d e l s  a r e  d i f f e r e n t  f r o m  s ty l i sed  models .  Fi rst ,  t h e y  e x t e n d  

f u r t h e r  t h e  r a n g e  o f  s t y l i sed  f a c t s  t h a t  a r e  i n c o r p o r a t e d .  Second, t h e y  

t r y  t o  c a p t u r e  i m p o r t a n t  c h a r a c t e r i s t i c s  o f  a  p a r t i c u l a r  economy o r  

s i t u a t i o n  (Robinson,  1989 :892) .  For example,  w h i l e  a  s ty l i sed  m o d e l  can  

r e p r e s e n t  v a r i o u s  c o u n t r i e s  t h a t  a r e  s im i la r  (e .g .  o i l - i m p o r t i n g ,  semi -  

i n d u s t r i a l  coun t r i es ) ,  a n  a p p l i e d  m o d e l  is  b u i l t  f o r  a  p a r t i c u l a r  c o u n t r y .  

App l ied  mode ls  a r e  m o r e  p rec ise  a n d  res t r i c ted ,  because t h e y  i n c l u d e  

m o r e  i n s t i t u t i o n a l  d e t a i l .  

App l ied  m o d e l s  a l l o w  f o r  i nc reased  i n s t i t u t i o n a l  c e r t a i n t y .  They  a l so  

i n c l u d e  a  b r o a d e r  r a n g e  o f  economic  phenomena .  "The t r a d e - o f f  i s  t h a t  

t h e  a d d i t i o n a l  d e t a i l  a n d  s ize may  obscure  t h e  m a j o r  causa l  mechan isms  

t h a t  d r i v e  t h e  model ,  w i t h o u t  a d d i n g  a n y  e m p i r i c a l l y  s i g n i f i c a n t  e f f e c t s "  

(Robinson,  1989) .  M o v i n g  back a n d  f o r t h  b e t w e e n  ana ly t ic ,  s ty l ised,  a n d  

a p p l i e d  m o d e l s  is  o f t e n  advantageous,  s ince  d i f f e r e n t  t y p e s  o f  mode ls  

p e r m i t  d i f f e r e n t  i ns igh ts .  Any p a r t i c u l a r  p r o b l e m  can  b e  b e t t e r  ana lysed  

by  us ing  m o r e  t h a n  o n e  k i n d  o f  m o d e l .  

Overa l l ,  a n a l y t i c  m o d e l s  d o  n o t  acqu iesce  spec i f i c  p o l i c y  

recommenda t ions ,  see ing  t h a t  t h e  s t y l i s e d  f a c t s  b e i n g  cons ide red  a r e  

usua l l y  t o o  s t y l i s e d  t o  b e  r e a l i s t i c  e n o u g h  f o r  p o l i c y  ana lys i s .  T h e  p o l i c y  

conc lus ions  d r a w n  f r o m  a n a l y t i c  mode ls  t e n d  t o  b e  q u i t e  common, such 

as :  " f r e e  t r a d e  i s  good", " p r i c e  d i s t o r t i o n s  a r e  b a d  a n d  a t t e m p t s  t o  f i x  

p r i ces  a r e  ter r ib le" ,  " q u a n t i t y  r e s t r i c t i o n s  o n  i m p o r t s  a r e  w o r s e  t h a n  

ta r i f f s " ,  o r  " d o  n o t  i g n o r e  m a r k e t  mechan isms"  (Robinson, 1989) .  



Fur thermore,  t h e r e  a r e  economis ts  w h o  d e l i g h t  i n  t h i n k i n g  u p  

coun te rexamp les .  For s im i la r  reasons, a  s ty l i sed  numer ica l  mode l  can  

o n l y  r a r e l y  be  used f o r  p o l i c y  analysis,  s ince it is  usua l l y  t o o  s i m p l i f i e d  

t o  p r o v i d e  g o o d  numer ica l  e s t i m a t e s  o f  t h e  i m p a c t  o f  va r ious  spec i f i c  

po l ic ies .  

Desp i te  t h e  f a c t  t h a t  t h e  t h r e e  t y p e s  o f  mode ls  a r e  d i f f e r e n t ,  t h e  

boundar ies  be tween  t h e m  a r e  o f t e n  unc lear .  They  r e p r e s e n t  d i f f e r e n t  

p o i n t s  a long  a  r a n g e  o f  models  t h a t  d i f f e r  i n  size, scope, a n d  focus .  

"The  d i f fe rences  a r e  s i g n i f i c a n t  a n d  much  o f  t h e  c r i t i c i s m  o f  p a r t i c u l a r  

models  o f t e n  a m o u n t s  t o  t a k i n g  a  s ty l i sed  numer ica l  mode l  t o  t a s k  f o r  

n o t  b e i n g  a n  app l ied  model ,  o r  v i ce  versa"  (Robinson, 1989). 

T h e  mode l le r  shou ld  be  a b l e  t o  t r a c e  any  e f f e c t  t h e  mode l  p roduces  back 

t o  f e a t u r e s  o f  i t s  t h e o r e t i c a l  s t r u c t u r e  o r  t o  p a r t i c u l a r  pa ramete r  va lues.  

T h e r e f o r e  it i s  i m p o r t a n t  t h a t  a l l  mode ls  shou ld  b e  t rans lucen t .  App l ied  

models  w i l l  be  m o r e  d i f f i c u l t  t o  i n t e r p r e t  s ince t h e i r  focus  w i l l  b e  o n  t h e  

i n s t i t u t i o n a l  de ta i l s  o f  a  p a r t i c u l a r  economy.  What  is  i m p o r t a n t  is  

w h e t h e r  t h e  g a i n  i n  i n s t i t u t i o n a l  d e t a i l  c rea tes  m o r e  rea l i s t i c  e m p i r i c a l  

resu l ts .  I n  con t ras t ,  s t y l i sed  mode ls  a r e  o f t e n  des igned  t o  r e f l e c t  

w idespread  f e a t u r e s  o f  a  class o f  coun t r ies .  Desp i te  t h e  ease o f  h a n d l i n g  

t h e  models,  w h a t  is  i m p o r t a n t  is  whe ther  coun t ry -spec i f i c  e f fec ts  a r e  

emp i r i ca l l y  i m p o r t a n t  enough  t o  o f f s e t  t h e  commona l i t i es  t h a t  models  

a r e  des igned  t o  exp lore .  

App l ied  mode ls  can  a lso b e  s i m p l i f i e d .  Conduc t ing  t e s t s  t i m e  a n d  aga in  

h i g h l i g h t s  i m p o r t a n t  issues r e g a r d i n g  t h e  emp i r i ca l  impor tance  o f  m o d e l  

spec i f i ca t ions .  Depend ing  o n  t h e  resu l t s  found,  a  m o r e  s ty l i sed  

numer ica l  m o d e l  can  b e  imp lemented ,  w h i c h  s t i l l  inc ludes t h e  

mechanisms w h i c h  were  e m p i r i c a l l y  i m p o r t a n t  i n  t h e  a p p l i e d  mode l .  

3.3.4 Theoretical  structures 

I n p u t - o u t p u t  models  a n d  t h e i r  ex tens ions  i n t o  soc ia l  accoun t ing  a r e  

p o w e r f u l  t o o l s  f o r  app l ied  genera l  e q u i l i b r i u m  analys is .  CGE models,  

w h i c h  were  deve loped  a t  a  l a t e r  stage, b u i l d  o n  t h e  i n p u t - o u t p u t  core, 



w h i c h  cap tu res  sec to ra l  i n te rdependence  a r i s i n g  f r o m  t h e  f l o w  o f  

i n t e r m e d i a t e  goods  among sectors, add ing  n o n - l i n e a r  equa t ions  and  

endogenous p r i ces .  T h e  m a j o r i t y  o f  these  mode ls  a r e  s t ruc tu ra l ,  w i t h  

unequ ivoca l  spec i f i ca t ion  o f  supp ly  and  d e m a n d  behav iou r .  T h e  

m ic roeconomic  s p i r i t  o f  t h e  models  is  essen t ia l l y  r e i n f o r c e d  b y  

ex tens ions  t o  n o n - l i n e a r  models  i n t e g r a t i n g  s u b s t i t u t i o n  poss ib i l i t i es  and  

p r i ces  (Dervis,  de  Melo a n d  Robinson, 1982 :6 ) .  

T h o u g h  m o s t  mode ls  f o r  deve lop ing  c o u n t r i e s  a r e  Wal ras ian and  

neoc lass ica l  i n  sp i r i t ,  t h e  assumpt ions  o f  neoc lass ica l  t h e o r y  a r e  qu ick ly  

d i sca rded  w h e n  t h e  p rob lem o f  c a p t u r i n g  t h e  s ty l i sed  fac ts  

charac te r i s ing  many economies ar ises.  I n  a u t h e n t i c  economies t h e  

assumpt ions  o f  p e r f e c t l y  f u n c t i o n i n g  m a r k e t s  w i t h  f l e x i b l e  prices, p e r f e c t  

c o m p e t i t i o n  and  f r e e  m o b i l i t y  o f  p r o d u c t s  a n d  f a c t o r s  a r e  n o t  

susta inab le .  As a n  a l te rna t i ve ,  a  v a r i e t y  o f  ' s t ruc tu ra l i s t "  r i g i d i t i e s  have 

been i n t e g r a t e d  i n t o  these  models  t h a t  seek t o  c a p t u r e  non-neoc lass ica l  

behav iou ra l  re la t ions ,  macro  imbalances,  a n d  i n s t i t u t i o n a l  r i g i d i t i e s  

d i s t i n c t i v e  o f  many  coun t r ies .  Methodo log ica l  p r o b l e m s  have  r i sen  f r o m  

t h e s e  d e v i a t i o n s  f r o m  t h e  Wal ras ian s t ruc tu re ,  f o r  example,  Be l l  and  

Sr in ivasan (1984) ,  Sr in ivasan (1982),  and  Shoven a n d  Whal ley  (1984)  

have  a l l  c o m m e n t e d  o n  models  t h a t  i n c o r p o r a t e  ad  hoc f e a t u r e s  n o t  f i x e d  

i n  t r a d i t i o n a l  t h e o r y .  

Va l id  emp i r i ca l  resu l t s  w i l l  n o t  be  a t t a i n e d  w h e n  a mode l  w i t h  c lean 

t h e o r e t i c a l  r o o t s  is  used i n  a  s i t u a t i o n  w h e r e  i t s  assumpt ions  are  n o t  

sa t i s f i ed .  Fur the rmore ,  these  resu l t s  w i l l  a l so  n o t  a i d  i n  po l i cy  ana lys is  

a n d  may cause p r o b l e m s  w i t h  in te rp re ta t ion ,  w h i c h  may  b e  seen as a  

cha l lenge  t o  t h e o r i s t s .  

Now t h a t  t h e  basis f o r  c lass i f y ing  models  has been la id,  it is  n o w  

poss ib le  a n d  i m p o r t a n t  t o  app ly  t h i s  c lass i f i ca t ion  f r a m e w o r k  t o  t h e  

va r ious  CGE models .  Th is  c lass i f i ca t ion  enables mode l le rs  t o  g i v e  a n  

overv iew o f  t h e  d i f f e r e n t  analyses i n  CGE mode l l i ng .  I t  a l so  has t h e  

added  advan tage  t h a t  t h e  deve lopment  o f  CGE analys is  o v e r  t ime,  where  

i d e a l l y  n e w  CGE models  a r e  improvements  o f  o l d e r  models,  may  b e  

ana lysed.  



3.4 A  C L A S S I F I C A T I O N  O F  CGE M O D E L S  

I n  l i t e ra tu re ,  CGE m o d e l s  a r e  c lass i f i ed  i n  t h r e e  d i f f e r e n t  ways .  An 

i n t r o d u c t i o n  t o  t h e s e  t h r e e  c lass i f i ca t i ons  a n d  h o w  t h e y  a r e  

i n t e r c o n n e c t e d  w i l l  b e  g i v e n  i n  t h i s  sect ion.  An i l l u s t r a t i o n  o f  t h e  

c l a s s i f i c a t i o n  sys tem o f  CGE m o d e l s  is  ske tched  i n  F i g u r e  3.1. T h i s  

c l a s s i f i c a t i o n  sys tem w i l l  b e  discussed, i n  deta i l ,  i n  t h e  f o l l o w i n g  t h r e e  

sub-sec t ions .  

Figure 3.1 :  Classif icat ion o f  CGE modell ing 

Computable General Equil ibr ium Models 

Macro Walrasian 

other closures neoclassical closure 

Econometric t--, SAM-based 

Source:  Th issen,  1998:4 

T h e  h i s t o r i c a l  d e v e l o p m e n t  o f  CGE m o d e l l i n g  a n d  t h e  i n t e n d e d  p u r p o s e  

o f  t h e  CGE m o d e l s  a r e  p r i n c i p a l l y  used  t o  c lass i f y  CGE models .  M u l t i -  

s e c t o r  ana lys is  a n d  m a c r o  m o d e l s  w e r e  t h e  f o r e r u n n e r s  f o r  t h e  f i r s t  t y p e  

o f  CGE models .  These  m a c r o  CGE m o d e l s  w e r e  r e g u l a r l y  used f o r  p o l i c y  

ana lys i s  i n  many  d e v e l o p i n g  c o u n t r i e s .  T h e  g r o u n d - b r e a k i n g  w o r k  o f  

Scar f  (1967)  on  t h e  n u m e r i c a l  s o l u t i o n  o f  a  Wa l ras ian  sys tem a n d  t h e  

g e n e r a l  e q u i l i b r i u m  f r a m e w o r k  o f  Walras, c r e a t e d  t h e  b e n c h m a r k  f o r  t h e  

second t y p e  o f  CGE models,  n a m e l y  Wa l ras ian  CGE mode ls .  

'C losure  ru les '  h a v e  become a c o m m o n  c l a s s i f i c a t i o n  m e t h o d  a m o n g  m o s t  

researchers  w o r k i n g  o n  m a c r o  CGE models .  T h e  m a i n  t h e o r e t i c a l  

d i f f e r e n c e s  i n  t h e  e a r l i e r  m a c r o  mode ls  a r e  used as  a  base  f o r  t h e  



second c lass i f i ca t ion  (Thissen, 1998).  T h e  d e b a t e  among economis ts  

w h i c h  d o m i n a t e d  economics i n  t h e  1960s a n d  1970s, where  Wal ras ian 

mode ls  were  cons ide red  as a  spec i f ic  subgroup  o f  a l l  CGE models,  

name ly  those  w i t h  a  neoc lass ica l  c losure,  a r e  o f t e n  used  b y  these  

a u t h o r s  as a  base f o r  t h e i r  cho ice o f  ' c losure rules'.  

T h e  t e c h n i q u e  used  t o  d e t e r m i n e  t h e  paramete rs  p rov ides  a  base f o r  a  

t h i r d  c lass i f i ca t ion  o f  CGE models.  "Th is  c lass i f i ca t ion  d is t i ngu ishes  

b e t w e e n  mode ls  w i t h  pa ramete rs  based o n  t h e  c a l i b r a t i o n  t e c h n i q u e  and  

models  w i t h  pa ramete rs  based o n  economet r i c  e s t i m a t i o n "  (Thissen, 

1998) .  A lmos t  a l l  CGE models  a r e  based o n  t h e  c a l i b r a t i o n  techn ique .  

T h e  f o l l o w i n g  sec t ions  d r a w  o n  t h e  w o r k  o f  Th issen  (1998) .  

3.4.1 Macro a n d  Wal ras ian  CGE models  

I t  is  poss ib le  t o  make a d i s t i n c t i o n  w i t h i n  CGE analyses based o n  t h e  

or ig ins ,  pu rposes  and  t h e o r e t i c a l  background  o f  t h e  mode ls  (Robinson, 

1989  and  Wi l lenbocke l ,  1994a) .  T h e  genera l  e q u i l i b r i u m  f r a m e w o r k  o f  

Wal ras is  a t t e m p t e d  t o  b e  made  o p e r a t i o n a l  b y  one  g r o u p  and  has i t s  

r o o t s  i n  a p p l i e d  w e l f a r e  economics and, the re fo re ,  these  models  a r e  t h e  

n u m e r i c a l  comp lements  o f  Wal ras ian genera l  e q u i l i b r i u m  mode ls .  

Wa l ras ian  CGE models,  wh ich  a r e  ex tended  f r o m  t h e  basic c o m p e t i t i v e  

e q u i l i b r i u m  as d e f i n e d  by G insburgh  a n d  Keyzer (1997) ,  a r e  based o n  t h e  

o p t i m i s i n g  behav iou r  o f  rep resen ta t i ve  a g e n t s  and  have  u t i l i t y  

m a x i m i s i n g  consumers a n d  p r o f i t  m a x i m i s i n g  producers . '  Wh i le  on t h e  

o t h e r  hand, macro  CGE m o d e l l i n g  is  a  log ica l  ex tens ion  o f  Leont ie f 's  

i n p u t - o u t p u t  ana lys is  a n d  l i near  p r o g r a m m i n g  mode ls  o f t e n  a p p l i e d  i n  

d e v e l o ~ m e n t  economics.  

' The General Competrtiw Equilibrium is defined as: Every producer j, solves max)' @*yj I yj t u} where yj are 
production plans, V is the set of feasible production plans and p' is the equilibrium price vector. Every consumer i, 
solves maul z 0 {ui (XI) i  p*xi s h*~}, where ui (XI) is utility derived from the nonnegative consumption plan xi and 
subject to the budget mnsbaint for equilibrium income h'iwhich is equal to its receipt from selling endowments oiand 
shares Bi in distributed profits: h*i =p*oi+ z f l p '  yli. All markets are in equilibrium: Z i x Y -  Vy'j - Z i o i s  0, where 
x*iand yfiare respectively me equilibrium consumption and production plan. See alx, Ginsburgh and Keyzer (1997). 



3.4.1.1 Wa l ras ian  CGE m o d e l s  

H a r b e r g e r  (1962)  was t h e  f i r s t  t o  use Wa l ras ian  CGE m o d e l l i n g  w h e n  h e  

s t u d i e d  t h e  occur rence  o f  t a x a t i o n  w i t h i n  t h e  f r a m e w o r k  o f  a  n u m e r i c a l  

t w o - s e c t o r  m o d e l .  T h e  w o r k  d o n e  by  Shoven  a n d  Wha l ley  (Scar f  a n d  

Shoven, 1984; Shoven a n d  Whal ley ,  1992), a l so  b y  H e r t e l  ( 1 9 9 7 )  

r e g a r d i n g  t h e  Globa l  T r a d e  Analys is  P r o j e c t  (GTAP) as  w e l l  as t h e  w o r k  

o f  G insburgh  a n d  Keyzer (1997)  has f u r t h e r  s o p h i s t i c a t e d  t h i s  c a t e g o r y  

o f  CGE models .  

Wa l ras ian  CGE ana lys i s  has t h e  o b j e c t i v e  t o  ana lyse  t h e  q u a n t i t a t i v e  

e f f e c t s  o f  exogenous  changes o n  t h e  o p t i m a l  a l l o c a t i o n  o f  resources,  o n  

e f f i c i e n c y  a n d  o n  w e l f a r e  (Thissen,  1998) .  W i l l enbocke l  (1994b)  a n d  

Bergman (1990)  w e r e  o f  t h e  o p i n i o n  t h a t  Wa l ras ian  CGE mode ls  d o  n o t  

i n t e n d  t o  g i v e  a  d e s c r i p t i o n  o f  a c t u a l  economies  b u t  t o  c o n s t r u c t  a  

' m e n t a l  o r g a n i s i n g  f r a m e w o r k '  capab le  o f  a n a l y s i n g  p o l i c y  issues.  

Wa l ras ian  g e n e r a l  e q u i l i b r i u m  t h e o r y  has b e e n  a p p l i e d  t o  a  lesser  e x t e n t  

i n  Wa l ras ian  CGE m o d e l l i n g  o v e r  t h e  l a s t  decade.  M o d i f i c a t i o n s  a r e  m a d e  

t o  t h e  Wa l ras ian  t h e o r e t i c a l  f r a m e w o r k  i n  o r d e r  t o  m a k e  t h e  m o d e l  m o r e  

p r a g m a t i ~ . ~  

These  m o d e l s  c a n  b e  c o m p a r e d  t o  t h e  neoc lass ica l  m a c r o  CGE m o d e l s  

d iscussed be low.  Wal ras ian CGE m o d e l s  a r e  c o m m o n l y  s t i l l  based o n  

o p t i m i s i n g  r e p r e s e n t a t i v e  a g e n t s  a n d  m a r k e t s  a r e  c lea red  b y  endogenous  

p r i c e s  w i t h o u t  q u a n t i t y  c l e a r i n g  markets ,  t h o u g h  it is  n o t  poss ib le  t o  

m a k e  a  f i r m  d iv i s ion .  I f  we  l o o k  at, f o r  example ,  a  CGE m o d e l  b u i l t  b y  

T a y l o r  (1990a)  w h e r e  c e r t a i n  p r o d u c t i o n  sec to rs  w e r e  n o t  m o d e l l e d  b y  

use  o f  a  p r o d u c t i o n  func t ion ,  w e  can  see t h a t  t h i s  t y p e  o f  m o d e l  i s  n o t  

g e n e r a l l y  seen as  b e l o n g i n g  t o  Wa l ras ian  CGE models .  

An example is the model of Feltenstein and Shah (1995) incorporating financial markets 



3.4.1.2 Macro  CGE mode ls  

Macro  CGE models,  w h i c h  a r e  o f t e n  used f o r  p o l i c y  analysis,  d e v e l o p e d  

f r o m  i n p u t - o u t p u t  ana lys i s  a n d  t h e  s h o r t  r u n  m a c r o  m o d e l s  a n d  i n  t h e s e  

CGE m o d e l s  t h e  i n p u t - o u t p u t  ana lys is  i s  e x t e n d e d  w i t h  endogenous  

q u a n t i t i e s  a n d  p r i ces  w h i l e  c o n s u m p t i o n  is  r e l a t e d  t o  income,  t h e r e b y  

c l o s i n g  t h e  f l o w  o f  money  w i t h i n  t h e  economy.  l o h a n s e n ' s  (1960)  m o d e l  

i s  g e n e r a l l y  seen as t h e  f i r s t  m o d e l  i n  t h i s  c a t e g o r y  o f  CGE m o d e l l i n g .  

T h e  ORANI/MONASH mode ls  o f  Aus t ra l i a  (Powe l l  a n d  Lawson, 1990; 

V incent ,  1990)  a n d  n u m e r o u s  m o d e l s  o f  d e v e l o p i n g  c o u n t r i e s  (Deca luwe  

a n d  Mar tens,  1988;  Bandara,  1991)  a re  used  t o  f u r t h e r  e x t e n d  these  

m a c r o  CGE models .  

As s t a t e d  b y  Th issen  ( 1 9 9 8 )  'The o b j e c t i v e  w i t h i n  t h i s  f i e l d  o f  research  

is  t o  q u a n t i f y  s h o r t  r u n  i n c o m e  d i s t r i b u t i o n  consequences,  s e c t o r a l  

g r o w t h  a n d  t r a d e  ba lance  e f fec ts ,  r a t h e r  t h a n  t o  e x p l a i n  resource  

a l l o c a t i o n  e f f e c t s  o f  exogenous  shocks o r  p o l i c y  a l te rna t i ves " .  Oppos i te  

t o  Wa l ras ian  CGE models,  macro  CGE m o d e l s  m a y  i n c l u d e  a d  h o c  

e l e m e n t s  t o  desc r ibe  t h e  economy a t  hand, w h i l e  t h e  b e h a v i o u r  o f  

economic  a g e n t s  may  n o t  b e  d e r i v e d  f r o m  o p t i m i s i n g  behav iou r .  The  

a r g u m e n t  e x i s t s  t h a t  t h e s e  m o d e l s  t r a d e  o f f  i n t e r n a l  r i g o u r  f o r  i nc reases  

i n  e m p i r i c a l  re levance  r e s u l t i n g  i n  m o d e l s  t h a t  a r e  o f t e n  imposs ib le  t o  

so lve  a n a l y t i c a l l y .  

3.4.2 A c lassi f icat ion o f  macro C G E  models by closures 

T h e  c l o s u r e  mechan ism is  i m p o r t a n t  d u e  t o  t h e  f a c t  t h a t  cho ice  o f  

" c losu re "  charac te r i ses  t h e  e n t i r e  m o d e l  o r  t h e  m o d u l e s  w i t h i n  it. The  

t y p e  o f  c l o s u r e  i s  t h e r e f o r e  i m p o r t a n t  f o r  t w o  reasons .  F i rs t ly ,  t o  d e f i n e  

t h e  e q u a t i o n s  i n  a  c o n s i s t e n t  manner,  a n d  secondly ,  t o  u n d e r s t a n d  t h e  

w o r k i n g s  o f  t h e  mode l .  Fu r the rmore ,  t h e  f a c t  t h a t  t h e  cho ice  o f  m a c r o -  

c losu re  has a  l a r g e  a f f e c t  o n  t h e  p o l i c y  s i m u l a t i o n  r e s u l t s  o b t a i n e d  w i t h  

a  CGE model ,  has been  d iscussed b y  Sen (1963)  a n d  b y  T a y l o r  a n d  Lysy 

(1979)  (see, f o r  ins tance,  T a y l o r  (1991),  Deca luwe  a n d  M o n e t t e  (1988),  

a n d  Dervis,  De Me lo  a n d  Rob inson  (1982) ) .  Because t h e  s h o r t  r u n  m a c r o  

CGE m o d e l s  o f t e n  d e v i a t e d  f r o m  t h e  Wa l ras ian  s t r u c t u r e  a n d  t h e  



neoc lass ica l  c losure,  t h e  c losu re  r u l e  p r o b l e m  was r e n o w n e d  i n  t h i s  

f i e l d .  Because o f  t h e  a b o v e - m e n t i o n e d  i m p o r t a n c e  o f  t h e  c losu re  ru le ,  

e x i s t i n g  macro  CGE mode ls  a r e  c lass i f i ed  by  t h e i r  r e s p e c t i v e  c losu re .  T h e  

m a i n  c losu re  t h a t  desc r ibes  t h e  f u n d a m e n t a l  e q u i l i b r a t i n g  mechan isms  o n  

w h i c h  t h e  l a r g e r  CGE mode ls  a r e  based, is  used  as a  bas is  f o r  t h i s  

c lass i f i ca t i on .  T h e  f o l l o w i n g  m o s t  i m p o r t a n t  c losu res  a n d  assoc ia ted  

'schoo ls '  a r e  d iscussed b e l o w :  

Sen's base m o d e l  

T h e  neoc lass ica l  c losu re  

T h e  neo-Keynes ian  o r  f o r c e d  sav ings c losu re  

T h e  Keynes ian c l o s u r e  

T h e  l o h a n s e n  c losu re  

T h e  Ka leck ian o r  s t r u c t u r a l i s t  c losu re  

T h e  l o a n a b l e  f u n d s  c l o s u r e  

T h e  P igou  o r  r e a l  ba lances c l o s u r e  

T h e  c l o s u r e  r u l e  can b e  d e f i n e d  i n  t w o  ways.  M a t h e m a t i c a l l y  t h e  m o d e l  

s h o u l d  cons is t  o f  a n  e q u a l  n u m b e r  o f  e q u a t i o n s  a n d  endogenous  

var iab les ,  m e a n i n g  t h a t  t h e  m o d e l  b u i l d e r  needs t o  dec ide  w h i c h  

v a r i a b l e s  a r e  endogenous  a n d  w h i c h  a r e  exogenous .  On t h e  o t h e r  hand, 

i f  t h e  m o d e l  is  b u i l t  i n  t h e  Wa l ras ian  t r a d i t i o n  a n d  a l l  dec is ions  a r e  

based  on  o p t i m i s i n g  behav iou r ,  t h e  c l o s u r e  r u l e  p r o b l e m  i s  t h e  

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

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

n e e d  f o r  a n  a d d i t i o n a l  endogenous  v a r i a b l e  t h a t  ba lances t h i s  c o n s t r a i n t  

(see,  f o r  instance,  G insburgh  a n d  Keyzer ( 1 9 9 7 : l l l - 1 1 2 ) ) .  O v e r a l l  t h e  

pe rsona l  t h e o r e t i c a l  p re fe rences  o f  t h e  m o d e l  b u i l d e r  a n d  t h e  e m p i r i c a l l y  

m o s t  p r o b a b l e  a d j u s t m e n t  processes,  d e t e r m i n e  t h e  c losu re  ru le .  

3 .4 .2 .1  Sen's base  m o d e l  

Sen (1963)  i n t r o d u c e d  t h e  p r o b l e m  o f  c l o s u r e  r u l e s  a n d  d e m o n s t r a t e d  

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

i n v e s t m e n t  f u n c t i o n  ( e q u a t i o n  5 )  w h e r e  i n v e s t m e n t  I i s  equa l  t o  some 

l e v e l  f based on, f o r  ins tance,  ' a n i m a l  spir i ts ' ,  g o o d  X, p r o d u c e d  b y  a  



neoc lass ica l  p r o d u c t i o n  f u n c t i o n  f,, homogeneous o f  t h e  f i r s t  degree  

( e q u a t i o n  1) a n d  p r o d u c t i o n  factors,  l abour  L and  c a p i t a l  K p a i d  

accord ing  t o  t h e i r  m a r g i n a l  p r o d u c t i v i t i e s  w i t h  wage  r a t e  u and  t o t a l  

c a p i t a l  i ncome K (equa t ions  2  a n d  3)  is  o v e r - d e t e r m i n e d  if t h e  sav ings-  

i n v e s t m e n t  ba lance  ( e q u a t i o n  6) w i t h  t o t a l  sav ings S d e t e r m i n e d  b y  t h e  

sav ings r a t i o s  s, a n d  sp o u t  of, respect ive ly ,  wage  a n d  cap i ta l  i ncome 

( e q u a t i o n  4)  i s  added  t o  t h e  model :  

ax., @=- 
aL 

endogenous  va r iab les :  X,, I, S,U, n 

Th is  s ing le  p r o d u c t i o n  sector  mode l  can e f f e c t i v e l y  exp la in  t h e  c losure  

r u l e  p r o b l e m .  Because t h e  p r o d u c t i o n  f u n c t i o n  is  homogeneous  o f  degree  

one, e q u a t i o n  3  may a lso  be  rep laced  b y :  

Clear ly,  t h i s  m o d e l  is  o v e r - d e t e r m i n e d  s ince it cons is ts  o f  6 equa t ions  

a n d  5 endogenous  va r iab les  and  shou ld  be  c losed b y  e i t h e r  add ing  a n  

endogenous  va r iab le  o r  sk ipp ing  an  equa t ion .  

3.4.2.2 T h e  neoc lass ica l  c losure  

T h e  mos t  common way t o  c lose t h e  mode l  is  b y  means  o f  t h e  neoc lass ica l  

c losure.  I n  t h e  neoc lass ica l  mode l  (equa t ions  1, 2, 3, 4  and  6 )  e q u a t i o n  



5 i s  d r o p p e d  f r o m  t h e  a b o v e  sys tem o f  equa t ions .  "Accord ing  t o  Swan 

( 1 9 7 0 )  a n  a s s u m p t i o n  i s  m a d e  t h a t  a  mechan ism ex is ts  such  t h a t  

i n v e s t m e n t  is  b r o u g h t  i n t o  e q u i l i b r i u m  w i t h  sav ings a t  a  l e v e l  t h a t  

g u a r a n t e e s  f u l l  e m p l o y m e n t  i n  t h e  economy, o r  t h a t  w h a t e v e r  i s  saved  i s  

i n v e s t e d "  (Thissen,  1998 :9 ) .  T h o u g h  n o t  m o d e l l e d  e x p l i c i t l y  as i n  t h e  

s t a n d a r d  So low (1956)  model ,  t h i s  mechan ism is  o f t e n  assumed t o  b e  a n  

i n t e r e s t  r a t e .  Wal ras ian CGE mode ls  c o m m o n l y  use t h e  neoc lass ica l  

c losure ,  whereas  it is  used t o  a  lesser  e x t e n t  i n  macro  CGE mode ls .  

3 .4 .2 .3  T h e  neo-Keynes ian  o r  f o r c e d  sav ings  c losu re  

Converse ly ,  i n  t h e  neo-Keynes ian  m o d e l  ( e q u a t i o n s  1, 3, 4, 5  a n d  6) 

e q u a t i o n  2 is  d ropped .  T h e  f o r c e d  sav ings m o d e l s  o f  Ka ldo r  (1956)  a n d  

P a s i n e t t i  (1962)  a r e  used as basis.  T h e  f o r c e d  sav ings mechan ism is  

c r e a t e d  b y  f i x i n g  t h e  n o m i n a l  w a g e  ra te ,  w h i l e  p r o d u c t i o n  is  s t i l l  

d e t e r m i n e d  b y  t h e  supp ly  o f  l a b o u r  a n d  c a p i t a l .  Th is  is  i m p l i c i t  i n  t h e  

m o d e l  i f  e q u a t i o n  2 is  s k i p p e d  a n d  may  b e  m a d e  e x p l i c i t  by  r e w r i t i n g  

e q u a t i o n  4  as:  

W i t h  W,, t h e  exogenous  n o m i n a l  w a g e  r a t e  a n d  p t h e  endogenous  p r i c e  

l e v e l  t h a t  b r i n g s  a b o u t  t h e  e q u a l i t y  b e t w e e n  i n v e s t m e n t  a n d  sav ings  b y  a  

change  i n  t h e  i n c o m e  d i s t r i b u t i o n .  T h e  w e l l - k n o w n  neo-Keynes ian  

e q u a t i o n  f o r  p r o f i t  income,  w h i c h  m a y  b e  d e r i v e d  f r o m  t h i s  model ,  is :  

3 .4 .2 .4  T h e  Keynes ian a n d  Johansen  c losu re  

T h e  c losu re  assoc ia ted  by  Sen w i t h  Keynes's ( 1 9 3 6 )  Genera l  T h e o r y  is  

e n d o g e n i s i n g  l a b o u r  i n  t h e  a b o v e  sys tem o f  equa t ions .  By i n t r o d u c i n g  

u n e m p l o y m e n t  i n  t h i s  m o d e l  ( c o n s i s t i n g  o f  a l l  t h e  e q u a t i o n s  1, 2, 3, 4, 5  



a n d  6)  it is  assumed poss ib le  f o r  i n v e s t m e n t  t o  b e  d i f f e r e n t  f r o m  i t s  f u l l -  

e m p l o y m e n t  leve l ,  h i g h l i g h t i n g  t h e  r o l e  o f  t h e  g o v e r n m e n t  w h o  may  

i n t e r v e n e  t o  b r i n g  a b o u t  f u l l - e m p l o y m e n t .  T h i s  can  b e  ach ieved  i n  CGE 

m o d e l s  b y  endogenous  g o v e r n m e n t  spend ing  o r  taxes  ( t h e  Johansen  

(1960)  c losure),  a n d  comes d o w n  t o  d r o p p i n g  e q u a t i o n  4  i n  t h e  m o d e l  

desc r ibed  above .  T o  m o d e l  t h e  g o v e r n m e n t  m o r e  e x p l i c i t l y  i n  t h i s  m o d e l  

( e q u a t i o n s  1, 2, 3, 5  a n d  6)  i t i s  poss ib le  t o  i n c l u d e  e q u a t i o n  4  b y  

r e w r i t i n g  it as:  

o r  as: 

W i t h  G, equa l  t o  t h e  endogenous  g o v e r n m e n t  sav ings  ( t h e  g o v e r n m e n t  

e x p e n d i t u r e  m i n u s  g o v e r n m e n t  i ncome)  i n  e q u a t i o n  3.4b, o r  t e q u a l  t o  

t h e  endogenous  t a x  r a t e  i n  e q u a t i o n  3 . 4 ~ .  

3.4.2.5 T h e  Ka leck ian  o r  s t r u c t u r a l i s t  c losu re  

T h e  w o r k  o f  Ka leck i  ( 1 9 7 6 )  is  used as a  bas is  f o r  t h e  c l o s u r e  o f t e n  used 

i n  s t r u c t u r a l i s t  m o d e l s  (Tay lor ,  1990b) .  In Kalecki 's  m o d e l  ( e q u a t i o n s  

3 . l a ,  3, 3.3b,  4, 5 a n d  6)  t h e  a s s u m p t i o n  is  m a d e  t h a t  f i r m s  o p e r a t e  

w i t h  excess capac i ty ,  t h e r e f o r e  d e m a n d i n g  l a b o u r  as a  f u n c t i o n  f, o f  

supp ly  ( e q u a t i o n  3 . l a )  a n d  have  m a r k e t  p o w e r  o n  a n  o l i g o p o l i s t i c  m a r k e t  

t o  s e t  p r i c e s  as  a  m a r k u p  T o v e r  costs  ( e q u a t i o n  3 .3b) .  

(3 .  l a )  

(3 .3b)  

S ince r e a l  wages a r e  n o  l o n g e r  assumed t o  b e  e q u a l  t o  t h e  m a r g i n a l  

p r o d u c t i v i t y  o f  labour ,  e q u a t i o n  3.2 is  l e f t  o u t  o f  t h e  m o d e l .  Wages a r e  

n o w  d e t e r m i n e d  b y  e q u a t i o n  3.3 such t h a t  t o t a l  i n c o m e  i s  e q u a l  t o  t o t a l  



v a l u e  added  w h i l e  L is  endogenous a n d  u n e m p l o y m e n t  ex is ts .  Also it c a n  

be  shown i n  t h i s  mode l  t h a t  p r o f i t  i ncome i s  e q u a l  t o :  

I t  is  t h e r e f o r e  n o t  su rp r i s ing  t h a t  t h i s  model ,  a t  f u l l  capac i t y  w i t h  a n  

endogenous  m a r k u p  r a t e  T a n d  exogenous  product ion,  g i ves  comparab le  

r e s u l t s  t o  t h e  neo-Keynes ian model .4  Mixed resu l t s  a r e  o f t e n  o b t a i n e d  i n  

m u l t i - s e c t o r  models, espec ia l ly  i f  supp ly  is  f i x e d  i n  c e r t a i n  sectors  o f  t h e  

economy ( o f t e n  t h e  a g r i c u l t u r a l  sector ) .  

3.4.2.6 T h e  loanab le  f u n d s  c losure  

T h e  f u n d a m e n t a l  t o p i c  i n  c losure  ru les  is  t h e  mechanism t h a t  b r i n g s  

i n v e s t m e n t  a n d  sav ings i n t o  equ i l i b r ium,  o r  t h e  i m p l i c i t  m o d e l l i n g  o f  

f i n a n c i a l  marke ts .  A m o r e  open  m o d e l l i n g  o f  f i n a n c i a l  m a r k e t s  is  needed  

t o  e n l a r g e  t h e  ava i lab le  e q u i l i b r a t i n g  mechanisms, o r  c rea te  mechanisms 

t h a t  a r e  a  m i x t u r e  o f  severa l  o t h e r s .  T h e  loanab le  funds  c losure  as 

exp la ined  i n  Tay lo r  (1991),  is  t h e  m o s t  s u i t e d  c losure  i n  t h i s  case. T h e  

loanab le  f u n d s  c losure  is  where  sav ings a r e  t h e  supp ly  o f  l oanab le  f u n d s  

a n d  i n v e s t m e n t  is  t h e  demand f o r  l oanab le  funds.  Bo th  supp ly  a n d  

d e m a n d  f o r  l oanab le  f u n d s  a r e  ba lanced  b y  a n  a d d i t i o n a l  va r iab le  be ing  

t h e  i n t e r e s t  r a t e .  Therefore ,  i n  t h e  sma l l  m o d e l  p resen ted  above  t h i s  

w o u l d  i m p l y  a  s u b s t i t u t i o n  o f  t h e  equa t ions  4  and  5 w i t h  t h e  f o l l o w i n g  

t w o  equa t ions :  

' The occurrence of a change in the equilibrating mechanism of the model if full capacity is reached can be seen as a 
regime switch. 



w i t h  i r e p r e s e n t i n g  t h e  endogenous i n t e r e s t  ra te ,  fsp and  f,, respec t i ve ly  

t h e  i n t e r e s t  d e p e n d e n t  sav ings f u n c t i o n s  o f  those  e a r n i n g  wage  a n d  

t h o s e  e a r n i n g  p r o f i t  i ncome a n d  f, t h e  i n v e s t m e n t  f u n c t i o n  w h i c h  

depends o n  a n  exogenous  leve l  I* and  t h e  i n t e r e s t  ra te .  For t h e  loanab le  

funds  m o d e l  (equa t ions  1, 2, 3, 4 d  5a a n d  6) t o  b e  s tab le  t h e  i n t e r e s t  

e las t i c i t i es  w i t h  respec t  t o  savings and  i n v e s t m e n t  have t o  b e  oppos i te  

i n  s ign.  

T h e  mode l  can  be  compared  t o  t h e  Solow mode l  i f  t h e  e l a s t i c i t y  o f  

sav ings w i t h  respec t  t o  t h e  i n t e r e s t  r a t e  is  ze ro  a n d  t h e  e l a s t i c i t y  o f  

i n v e s t m e n t  w i t h  respec t  t o  t h e  i n t e r e s t  r a t e  dev ia tes  f r o m  zero.  I n  t h e  

reverse  s i t u a t i o n  t h e  m o d e l  can  be  compared  t o  t h e  Johansen mode l .  T h e  

m a i n  d i f f e r e n c e  w o u l d  b e  t h a t  t h e  change  i n  sav ings w o u l d  b e  b r o u g h t  

a b o u t  b y  a  change  i n  t h e  sav ings r a t e  a n d  n o t  b y  a  change i n  t h e  t a x  

r a t e  (sav ings o f  wage  a n d  p r o f i t  earners  ad jus t ,  w h i l e  i n  t h e  Johansen 

mode l  t h e  sav ings o f  t h e  government  ad jus t ) .  

3.4.2.7 T h e  Pigou o r  rea l  ba lances c losure  

O t h e r  e q u i l i b r a t i n g  mechanisms, such as t h e  P igou o r  r e a l  ba lance 

e f fec t ,  a r e  i n t r o d u c e d  b y  t h e  i n t r o d u c t i o n  o f  f i nanc ia l  s tocks i n  t h e  

mode l .  Equa t ion  4 may now b e  p resen ted  as:  

where  M i s  a n  exogenous  money  supply ,  fSp and  f,, t h e  sav ings f u n c t i o n s  

and  p t h e  endogenous p r i ce  leve l .  So, if i n  t h i s  rea l  ba lance  mode l  

(equa t ions  1, 2, 3, 4e, 5 and  6) excess d e m a n d  ex is ts ,  t h e  p r i ces  w i l l  

increase caus ing  economic  a g e n t s  t o  reduce  t h e i r  c o n s u m p t i o n  and  

increase t h e i r  sav ings t o  make  u p  f o r  t h e  loss i n  rea l  balances.  

"Ex tend ing  t h e  loanab le  f u n d s  approach  b y  t a k i n g  i n t o  accoun t  w e a l t h  

e f fec ts ,  such as t h e  P igou ef fect ,  i n t e r e s t  p a y m e n t s  and  i n t e r e s t  c lea r ing  

s tock  m a r k e t s  f o r  f i n a n c i a l  assets, a  f u l l y  deve loped  Tobin 's (1971)  s t y l e  



p o r t f o l i o  mode l  i s  needed"  (Thissen, 1998:13) .  By us ing  a  p o r t f o l i o  

approach  a n d  f i x i n g  t h e  nomina l  wage  rate,  ' emp i r i ca l '  models  may  

comb ine  severa l  o f  t h e  above  mechanisms, w h i c h  may  r e s u l t  i n  a  mode l  

w h e r e  a d j u s t m e n t s  may cause a m i x t u r e  o f  p o r t f o l i o  a l l oca t ion ,  w e a l t h  

e f f e c t s  a n d  f o r c e d  sav ings mechanisms t o  g e n e r a t e  a  new e q u i l i b r i u m  

a f t e r  a  po l i cy  shock.  T h e  a d j u s t m e n t  mechanisms may  be  made  m o r e  

c o m p l i c a t e d  b y  e x t e n d i n g  t h e  m o d e l  w i t h  t h e  e x p l i c i t  m o d e l l i n g  o f  

expec ta t ions .  

3.4.3 SAM-based versus econometric approach 

Al te rna t i ve ly ,  t h e  d e t e r m i n a t i o n  o f  t h e  paramete rs  o f  t h e  mode l  serves 

as a  base f o r  t h e  c lass i f i ca t ion  o f  e m p i r i c a l  economic  models  (see, f o r  

instance, Bergman, Jorgenson and  Zalai  (1990) ) .  The paramete rs  o f  CGE 

a r e  g e n e r a l l y  d e t e r m i n e d  b y  a  c a l i b r a t i o n  techn ique,  w h i c h  d i f f e r s  f r o m  

t h e  economet r i c  methods  used i n  la rge-sca le  macro  economet r i c  models .  

T h e  need  f o r  a  s imu l taneous  equa t ions  system e s t i m a t i o n  approach, 

w h i c h  i s  i n feas ib le  f o r  l a rge r  CGE models,  serves as a  reason f o r  us ing  a  

c a l i b r a t i o n  t e c h n i q u e  i n  CGE m o d e l l i n g .  Th is  i n f e a s i b i l i t y  i s  a l so  caused 

by degrees o f  f r e e d o m  prob lems a n d  t h e  scarc i t y  o f  d a t a  and  t i m e  (Lau, 

1984; Mansur  a n d  Whalley, 1984).  However,  t h e  c a l i b r a t i o n  approach  

a lso  a f f e c t s  t h e  s t r u c t u r e  o f  t h e  mode l .  Since t h e  number  o f  pa ramete rs  

t h a t  c a n  b e  d e t e r m i n e d  b y  c a l i b r a t i o n  is  l im i ted ,  t h e  mode l  b u i l d e r  can  

o n l y  use  r e l a t i v e l y  s imple  s t ruc tu res ,  b u t  t h i s  r e s t r i c t i o n  can  be  

c i r c u m v e n t e d  by us ing  paramete rs  f r o m  o t h e r  (economet r i c )  research. '  

Since paramete rs  can be  spec i f i ed  us ing  on ly  one  observat ion,  wh ich  

r e q u i r e s  l i t t l e  data,  t h e  ease o f  d e t e r m i n i n g  paramete rs  can  b e  seen as 

a n  i m p o r t a n t  advan tage  o f  t h e  c a l i b r a t i o n  method .  A f u r t h e r  reason, w i t h  

r e g a r d s  t o  deve lop ing  count r ies ,  t o  use  c a l i b r a t i o n  i n s t e a d  o f  

economet r i c  e s t i m a t i o n  t o  d e t e r m i n e  t h e  paramete rs  o f  CGE models,  

m i g h t  b e  because o f  t h e  s i g n i f i c a n t  changes t h a t  occur  i n  t h e  economic  

Normally the elasticities are obtained from m n d a w  sources while the wale and share parameters are obtained from 
the SAM. 



s t r u c t u r e  o f  deve lop ing  coun t r ies .  I t  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  l i n k  

f i g u r e s  o f  t h e  p resen t  s i t u a t i o n  w i t h  those  o f  p rev ious  years  if t h e  

d i r e c t i o n s  o f  causa l i t y  i n  t h e  economy change. Sens ib le  r e s u l t s  m i g h t  n o t  

b e  f o u n d  i f  t h e  e s t i m a t i o n  o f  pa ramete rs  is  d o n e  u s i n g  f i g u r e s  f o r  many 

years  w i t h  a l l  h a v i n g  equa l  we igh ts  (Taylor ,  1990b) .  Thus, i t may  be  

p r e f e r a b l e  t o  use a  c a l i b r a t i o n  approach  based o n  d a t a  f o r  t h e  p e r i o d  

a f t e r  t h e  s t r u c t u r a l  changes (Thissen, 1998).  

T h e  m e t h o d  o f  c a l i b r a t i o n  has some f u r t h e r  d isadvantages beyond  t h e  

l i m i t e d  r e l i a b i l i t y  o f  pa ramete rs  e s t i m a t e d  us ing  da ta  f o r  o n l y  o n e  p o i n t  

i n  t i m e .  I f  c a l i b r a t i o n  i s  used  t o  d e t e r m i n e  t h e  parameters ,  as  i n  t h e  

case o f  economet r i c  mode ls  where  s tochas t i c  d i s tu rbances  a r e  i n t r o d u c e d  

t o  c a p t u r e  t h e  e f f e c t  o f  va r iab les  o m i t t e d  i n  t h e  model ,  t h i s  s tochas t i c  

d i s t u r b a n c e  t e r m  i s  assumed t o  b e  equal  t o  zero, w h i c h  imp l ies  t h a t  n o  

f a c t o r s  o t h e r  t h a n  t h o s e  inc luded  i n  t h e  m o d e l  af fected,  o r  a r e  expec ted  

t o  a f fec t ,  t h e  endogenous  var iab les .  An e x p l a n a t i o n  may  be  i n  t h e  focus  

o f  CGE models,  w h i c h  i s  n o t  i n t e n d e d  t o  g i v e  p rec ise  forecasts ,  b u t  

w h i c h  a t t e m p t  t o  c l a r i f y  economic  mechanisms w i t h  a n  i n d i c a t i o n  o f  t h e  

q u a l i t a t i v e   effect^.^ 

T h e  absence o f  measures  o f  r e l i a b i l i t y  o f  t h e  m o d e l  a n d  i t s  pa ramete rs  is  

a  f u r t h e r  p r o b l e m  assoc ia ted w i t h  t h e  c a l i b r a t i o n  method .  Accord ing t o  

Lau (1984)  fo recas ts  may  g i v e  some i n d i c a t i o n  o f  t h e  r e l i a b i l i t y .  

Harr ison, Jones, K imbe l l  a n d  Wig ie  (1993)  a lso p roposed  t h a t  an  

i n d i c a t i o n  o f  r e l i a b i l i t y  can  be  g iven  b y  t h e  use  o f  sys temat i c  s e n s i t i v i t y  

ana lys is .  Because o f  t h e  l a r g e  a m o u n t  o f  s imu la t ions  t h a t  is  requ i red ,  

t h i s  m e t h o d  is  n o t  w ide ly  used. A few less comprehens ive  s e n s i t i v i t y  

ana lys is  s tud ies ,  show t h a t  a t  t h e  ve ry  leas t  i n i t i a l  c o n d i t i o n s  

s i g n i f i c a n t l y  m a t t e r  f o r  CGE analys is  (Wiese, 1995; Roberts,  1994), 

w h i c h  make it seem l i k e l y  t h a t  resu l t s  f r o m  such an  ana lys is  w i l l  be  m o r e  

ser ious ly  a f f e c t e d  b y  paramete r  e r r o r s  i f  t h e  p e r i o d  u n d e r  i n v e s t i g a t i o n  

increases (Thissen, 1998) .  For l ong  t e r m  CGE analysis,  improvements  a r e  

needed r e g a r d i n g  t h e  r e l i a b i l i t y  o f  pa ramete r  es t imates,  such t h a t  t h e  

For dynamic models it is obvious that some form of forecasting is needed to compare simulation resulb with the 
reference path. 



dynamic  behav iou r  o f  t h e  m o d e l  b e t t e r  descr ibes t h e  a c t u a l  economic  

deve lopments .  

3.5 SUMMARY 

I t  has been  shown t h a t  t h e r e  a r e  a  number  o f  d i f f e r e n t  ways t o  c lass i fy  

models,  name ly  b y  mathemat i ca l  s t r u c t u r e  o r  m e t h o d o l o g y :  o p t i m i s a t i o n  

o r  s imula t ion,  s t a t i c  o r  dynamic,  a n d  l i near  o r  non- l i near .  Ano ther  way i s  

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

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

I t  has a lso been  shown t h a t  i t i s  poss ib le  t o  c lass i f y  t h e  d i f f e r e n t  CGE 

mode ls  i n  severa l  g roups  based o n  t h e i r  purposes,  t h e  h i s t o r i c a l  

d e v e l o p m e n t  i n  CGE model l ing,  a n d  t h e  t e c h n i q u e  used t o  d e t e r m i n e  t h e  

m o d e l  pa ramete rs .  Wal ras ian CGE mode ls  a r e  t h e  numer ica l  c o u n t e r p a r t s  

o f  t h e  t h e o r e t i c a l  Wal ras ian genera l  e q u i l i b r i u m  models  a n d  as such 

o f t e n  used f o r  w e l f a r e  ana lyses a n d  t h e  q u a n t i t a t i v e  ana lys is  o f  t h e  

o p t i m a l  a l l o c a t i o n  o f  resources.  T h e  macro  CGE models  a r e  genera l l y  

used  t o  c l a r i f y  t h e  economic  mechanisms t h a t  opera te  i n  a  spec i f i c  

c o u n t r y  w i t h  i t s  o w n  economic  s t r u c t u r e .  Besides t h e  ana lys is  o f  sec to ra l  

g rowth ,  these  mode ls  o f t e n  focus  o n  t h e  d i s t r i b u t i o n  o f  i ncome a n d  t r a d e  

ba lance  e f fec ts .  I t  was shown t h a t  these  mode ls  c o u l d  b e  f u r t h e r  d i v i d e d  

i n t o  d i f f e r e n t  g roups  based o n  t h e  c losure  r u l e  o n  wh ich  t h e  m o d e l  i s  

based. Final ly ,  a  c lass i f i ca t ion  o f  CGE models  was g i v e n  based o n  t h e  

d i f f e r e n t  approaches used t o  d e t e r m i n e  t h e  m o d e l  pa ramete rs .  

I t  may  be  conc luded  t h a t  a  Wal ras ian CGE m o d e l  is  su i tab le  t o  ana lyse 

t h e  e f f e c t s  o f  po l i cy  measures o n  t h e  o p t i m a l  a l l o c a t i o n  o f  resources,  

e f f i c i e n c y  and  we l fa re  i n  an  economy w i t h o u t  t o o  many r ig id i t i es .  A 

m a c r o  CGE mode l  w i t h  many  s t r u c t u r a l  equa t ions  i s  a p p r o p r i a t e  t o  c l a r i f y  

economic  mechanisms o r  p r e d i c t  poss ib le  ou tcomes  o f  economic  po l ic ies  

g i v e n  t h e  p r e s e n t  o r  an  a l t e r n a t i v e  economic  s t r u c t u r e  i n  t h e  s h o r t  r u n .  

Moreover ,  t h e  p o i n t  es t ima tes  o b t a i n e d  f r o m  t h e  'no rma l '  p rocedure  o f  

c a l i b r a t i n g  t h e  m o d e l  u s i n g  a  SAM f o r  one  'base-year '  a r e  g o o d  enough  

f o r  t h e  ana lys is  o f  i m p a c t  e f f e c t s  o f  d i f f e r e n t  pol ic ies,  b u t  t h e y  a r e  

inadequa te  f o r  l o n g  r u n  ana lys is .  I m p r o v e m e n t  o f  t h e  r e l i a b i l i t y  o f  



p a r a m e t e r  es t imates,  such t h a t  t h e  dynamic  behav iou r  o f  t h e  mode l  

b e t t e r  descr ibes t h e  a c t u a l  economic  deve lopments ,  i s  c ruc ia l  f o r  l o n g  

t e r m  CGE analys is .  An economet r i c  approach  is  t h e r e f o r e  m o r e  

a p p r o p r i a t e  i f  l o n g  r u n  ana lys is  i s  t h e  purpose  o f  t h e  mode l  and  t h e r e  

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

paramete rs  a r e  es t ima ted .  

I n  t h e  n e x t  chap te r  t h i s  c lass i f i ca t ion  and  eva lua t ion  f r a m e w o r k  w i l l  be  

used  t o  c lass i fy  and  e v a l u a t e  t h e  CGE models  t h a t  have  been used  i n  t h e  

Sou th  A f r i can  c o n t e x t .  T h e  focus w i l l  be  spec i f i ca l l y  o n  t h e  mode ls  

d e r i v e d  f r o m  t h e  IDCGEM f r a m e w o r k  s ince it is  t h e  m o s t  w i d e l y  used 

mode l  i n  Sou th  Af r ica .  



CHAPTER 4 

CGE MODELLING I N  SOUTH AFRICA 

4.1  INTRODUCTION 

T h e r e  has been  a  cons ide rab le  i nc rease  i n  t h e  use o f  CGE m o d e l s  i n  

S o u t h  A f r i ca  t o  s t u d y  a  v a r i e t y  o f  p o l i c y  issues, spec i f i ca l l y ,  

d e v e l o p m e n t  p lans,  a g r i c u l t u r a l  p rogrammes,  t a x  p o l i c y  a n d  i n t e r n a t i o n a l  

t r a d e .  U n t i l  recen t l y ,  o n l y  a  f e w  su rvey  a r t i c l e s  on  CGE m o d e l l i n g  h a v e  

b e e n  pub l i shed .  These  su rveys  cons ide r  d i f f e r e n t  subgroups  o f  CGE 

models,  such  as  t h o s e  o n  CGE m o d e l s  used f o r  p o l i c y  ana lys i s  i n  

d e v e l o p i n g  c o u n t r i e s  ( D e  W e t  a n d  Van Heerden, 2003; Naude a n d  Br ixen,  

1993) .  T h e r e  e x i s t s  n o  g e n e r a l  su rvey  a r t i c l e  because  t h e r e  a r e  t o o  

m a n y  d i f f e r e n t  CGE mode ls  t o  cover  t h e  c o m p l e t e  f i e l d  o f  CGE ana lys i s .  

I n  t h i s  c h a p t e r  t h e  d i f f e r e n t  mode ls  c o n s t r u c t e d  f o r  o n e  spec i f i c  coun t ry ,  

S o u t h  Afr ica,  a r e  used t o  g i v e  a n  o v e r v i e w  o f  t h e  d i f f e r e n t  ana lyses i n  

CGE m o d e l l i n g .  A d d i t i o n a l l y  t h i s  a p p r o a c h  has t h e  a d v a n t a g e  t h a t  t h e  

d e v e l o p m e n t  o f  CGE ana lys i s  o v e r  t ime,  w h e r e  i d e a l l y  new CGE mode ls  

a r e  i m p r o v e m e n t s  o f  o l d e r  models,  may  b e  ana lysed.  

I n  S o u t h  Af r ica ,  Naude  a n d  Br i xen  (1993a;  1993b)  w e r e  t h e  f i r s t  t o  use  

t h e  CGE a p p r o a c h  t o  ana lyse  p o l i c y  ques t ions .  T h e i r  m o d e l  was e x t e n d e d  

by  t h e  I n d u s t r i a l  D e v e l o p m e n t  C o r p o r a t i o n  ( IDC)  i n t o  IDCGEM (see  

J o u b e r t  e t  a/ . ,  1994;  H o r r i d g e  et a / . ,  1995,1996).  T h e  IDCGEM i s  t h e  

l a r g e s t  a n d  m o s t  f r e q u e n t l y  used  CGE m o d e l  i n  S o u t h  A f r i ca  (Bur rows,  

1995), a n d  has been  used, a m o n g s t  o t h e r  app l i ca t ions ,  t o  i n f o r m  S o u t h  

Af r ica 's  GATT n e g o t i a t i o n s .  

S o u t h  Afr ica 's CGE research  exper ience,  t r e a t i n g  a  l a r g e  v a r i e t y  o f  

s u b j e c t s  a n d  c o v e r i n g  t h e  d i f f e r e n t  t y p e s  o f  mode ls  as  p r e s e n t e d  i n  t h e  

n e x t  sect ion,  may  g i v e  lessons f o r  c o m p a r a b l e  ana lys i s  f o r  o t h e r  

c o u n t r i e s .  T h e  e x i s t i n g  CGE m o d e l s  f o r  S o u t h  A f r i ca  a r e  p r e s e n t e d  i n  



sec t ions  3 a n d  4. These  sec t ions  g i v e  f u t u r e  m o d e l l e r s  a  g u i d e  t o  b u i l d  

o n  t h e  o l d e r  m o d e l l i n g  exper ience .  Compar ing  t h e s e  d i f f e r e n t  m o d e l s  i n  

sec t ion  5 l eads  t o  c e r t a i n  i m p o r t a n t  issues f o r  f u t u r e  research  o n  CGE 

m o d e l l i n g  w h i c h  a r e  summar ised  i n  t h e  c o n c l u d i n g  sec t ion .  

4.2 CGE M O D E L S  F O R  S O U T H  A F R I C A  

T h e  su rveyed  CGE models,  a n d  some o f  t h e i r  spec i f i c  c h a r a c t e r i s t i c s  t h a t  

a r e  i m p o r t a n t  f o r  t h e  p r e s e n t  analysis,  a r e  summar ised  i n  T a b l e  4.1. T h e  

CGE mode ls  a r e  d i v i d e d  i n t o  Macro  a n d  Wa l ras ian  mode ls .  

Table 4 . 1  Surveyed CGE rn 

Year M o d e l  

1993 Macrcemnomic 

Models (A Provisional CGE South Aman Journal of Emnomic and 

model for South Africa) Management Science+. 10: 22-33. 

On a Computable General Equilibrium 

Model for South Africa. South Aftican 

JwmalofEm~~)micr 61(3): 153-165. 

995 Macroeco 

Model (DBSA Model) Africa (OBSA) (built by B. Gibson Bank of Southern Africa, Development 

and D. van Seventer) Papr  no 120, Halfway House. 



1997 Macroeconomic Forecasting W.A. Naude, Z.R. Coetzee & K. Currency Depreciation, Trade Uberalisation 

Model (Currency Gwarada and Economic Development. 9 u t h  Afnran 

depreciation, trade Journalof E m m M  65(2): 165-190. 

liberalization and economic 

development) 

2WO Mwo,SectoralPolry S. Devarapn md I. Lews Trade Refam m Sor*h A*: Impacts on 

Modek (Trade Policy Households. W h n g  papa: World Bank. 

Reform) 

2000 Macro, Sectoral Policy N.M Humphreys A Poverty Focused CGE Model for South 

Models (Poverty and 

income distribution) 

Africa, May 

2WO M a c m , M ~ ~  Amdt, C. and LRvis, I.D. The macro impliczbom of HN/AU)S in 

mpad of H N  1 A& (The South Afnw: A prdiminav assessment. 

W o M  Bank CGE Model) saKh African lwmal of Emwmhs. 68 ( 5 ) :  

856.887. 

2001 Macroeconomic Forecasbng International Food Policy and Thurlow, I. 2003, A Dynamic Computable 

Model (intended to reduce Trade and Industrial Policy (CGE General Equilibrium (CGE) Model for South 

the initial cost of modelling framework developed by Africa: Extending the Static IFPRl Model, 

undertaking CGE analysis bfgren) International Food Policy Research Institute 

in South Africa) Washington, D.C. 

Thurlow, I. (2003a) "Further Trade 

Liberalisation and Reform in South Africa: 

An Economy-Wide Assessment". TIPS 

Dimaion  Paper. 

Thurlow, I. 2003b, 7 h e  Impact of Regional 

Trade Agreements on the South African 

Economy". TIPS Discuaion Paper. 

Davies, I., 2003. Microsimulation, CGE and 

Macro Modelling for Transition and 

Developing Countries. Paper presented as 

WIDER conference on Inequality, Poverty 

and Human Wellbeing, 30-31 May, Helsinki, 

Finland. 

2001 Walrasian, Trade S. McDonald and C. Punt 

Liberalization Model 

(Agricultural exports of 

on the Westem Cape, Paper prepared for 

the Biennial Conference of the Economic 



Western Cape) Society of South Africa, Somerset West, 

South Africa, September 17-19. 

2002 Walrasian, Fiscal Pdky M. Keampl end I.H. Van Hewden A Stabc, S t y l i i  M;E modei a@& to 

Model (VAT In USA) evaluate the mddence of Value Added Tax 

m South Africa. Ecmomic SccieQ of Shlm 

Amca: B-amual mnference, 

~ n n e s b u r g .  

2003 Walrasian, Fixal Policy K. Pauw and L. Edwards Evaluating the General Equilibrium Effects 

Model (Effects of a wage of a Wage Subsidy Scheme for South 

subsidy scheme) Africa, Paper prepared for the Biennial 

Conference of the Economic Scciety of 

South Africa, Somerset West, South Africa, 

September 17-19. 

Model (Energy policy) Blignaut, S. Hen, R. Mabugu, M. Policy in South Africa, Ninth Annual 

Chitiga and T. de Wet Conference on Econometric Modelling for 

2W4 Maaoecormmkbncasting 

Mode$ (Income i 

in South A m )  

Disclaimer' 

A l o n g  the l ines o f  R o b i n s o n  (1989) and Wil lenbockel (1994) w e  may 

make a d is t inc t ion  w i th in  C G E  ana lyses based on their origins, ob jec t i ves  

and theore t i ca l  background. The main d iv is ion in  C G E  models made in  

the l i te ra tu re  i s  be tween W a l r a s i a n  C G E  models  and macro C G E  models 

' A di~laimer is a~~l icabie here: Because CGE analvses are used for Dolicvmakina and Drivate consultancies. information 
on CGE moaels isnot freely ava~laoe in me publc iphere. merefore, 'tna'~~on~looksat the moden ana worr aval able 
as acaoemlc papers and p~ollcat ons. But even In thls area a.1 tne JnDJbllsned work 1s not always accenioie. for examp e, 
Burrows (2003) (References for UnpJDllshed work In Appendax) mat co~td  not be InclJaed here. 



4.2.1  Walrasian C G E  models for  South Africa 

Recen t l y  a  n u m b e r  o f  mode ls  f o r  Sou th  A f r i ca  h a v e  b e e n  p u b l i s h e d  w h i c h  

a r e  Wa l ras ian  i n  charac te r .  These  mode ls  a r e  a l l  based  on  t h e  o p t i m i s i n g  

b e h a v i o u r  o f  r e p r e s e n t a t i v e  a g e n t s  a n d  h a v e  t h e  o b j e c t i v e  t o  ana lyse  t h e  

q u a n t i t a t i v e  e f f e c t s  o f  exogenous  changes o n  t h e  o p t i m a l  a l l o c a t i o n  o f  

resources,  o n  e f f i c i e n c y  a n d  o n  we l fa re .  

Many  o f  t h e s e  i n c l u d e  la rge -sca le  m u l t i s e c t o r a l  CGE m o d e l s  o f  t h e  Sou th  

A f r i c a n  e c o n o m y  deve loped  by  t h e  I n d u s t r i a l  D e v e l o p m e n t  C o r p o r a t i o n  

(Coetzee e t  ai, 1997), t h e  Wor ld  Bank/OECD (van  d e r  Mensbrugghe,  

1995;  D e v a r a j a n  a n d  v a n  d e r  Mensbrugghe,  2000), a n d  t h e  Deve lopment  

Bank o f  S o u t h e r n  A f r i ca  (DBSA, Gibson a n d  v a n  Seventer ,  1996a) .  These  

m o d e l s  r e s u l t e d  i n  a  n u m b e r  o f  a p p l i c a t i o n s  such  as  i n v e s t i g a t i o n s  i n  

t r a d e  l i be ra l i sa t ion ,  g r e e n  t r a d e  res t r i c t i ons ,  c u r r e n c y  deva lua t ions ,  a n d  

g o v e r n m e n t  e x p e n d i t u r e  a n d  r e s t r u c t u r i n g  (see  f o r  e x a m p l e  Cameron  

1994; Gibson a n d  v a n  Seventer,  1996b, 1997a, 1997b) .  

A d i s t i n c t i o n  b e t w e e n  t h e s e  mode ls  can  b e  m a d e  w i t h  respec t  t o  t h e  

f o l l o w i n g  research  sub jec ts :  

F isca l  p o l i c y  models .  

E n v i r o n m e n t a l  models .  

T r a d e  l i b e r a l i s a t i o n  models .  

4 .2 .1 .1  F isca l  p o l i c y  m o d e l s  

Value Added Tax (VAT) in  South Africa: T h e  m o d e l  o f  Kearney a n d  

Van Heerden  (2001),  based o n  t h e  SAM a d a p t e d  f r o m  Devara jan  e t  a / .  

(1994)  a n d  G insburgh  e t  a / .  (1997),  i s  b u i l t  w i t h i n  t h e  Wa l ras ian  

t r a d i t i o n .  I n  t h e  t r a d i t i o n  o f  t h e s e  models,  i t addresses t h e  e f f e c t s  o f  

f i sca l  po l icy ,  i .e.  t h e  inc idence  o f  Value Added  Tax  i n  S o u t h  Af r ica .  Th is  

c losed  economy m o d e l  is  h i g h l y  s t y l i s e d  w i t h  n o  c a p i t a l  a c c u m u l a t i o n  a n d  

f i x e d  e x p e n d i t u r e  shares o f  t h e  t w o  d i s t i n g u i s h e d  i n c o m e  g r o u p s  w h i c h  

e a c h  h a v e  a  cho ice  b e t w e e n  t w o  consumer  goods.  T h e  m o d e l  is  a  

m u l t i s e c t o r  m o d e l .  



T h e  resu l t s  d r a w n  f r o m  t h e  mode l  i nd ica ted  t h a t  a  pe rcen tage  increase 

i n  VAT w o u l d  n o t  a f f e c t  t h e  l o w e r  income g roups  nega t i ve ly  if t h e  h i g h e r  

g o v e r n m e n t  revenue  f l o w e d  t o  t h e  l o w e r  income g roup .  Fur the rmore ,  

m o s t  necess i t ies  used  b y  t h e  l o w e r  income g roups  a r e  exempted  f r o m  

VAT. There fo re ,  any  p o l i c y  measures a imed  a t  p r o m o t i n g  g rowth ,  t h e  

r e d i s t r i b u t i o n  o f  income, e m p l o y m e n t  and  t h e  genera l  increase i n  t h e  

s t a n d a r d  o f  l i v i n g  can  cons ide r  an  increase i n  VAT. Government  revenue  

inc reased  w i t h  a lmos t  2,5% t h r o u g h  t h e  increase i n  VAT. 

Effects  o f  a Wage  Subsidy Scheme: Pauw a n d  Edwards (2003)  s t a t e d  

t h a t  u n e m p l o y m e n t  amongs t  semi -  and  u n s k i l l e d  workers  h a d  reached  

severe p r o p o r t i o n s  (over  50%) and  t h r e a t e n e d  t h e  p o l i t i c a l  and  economic  

s t a b i l i t y  o f  t h e  Sou th  A f r i can  economy.  They used  a CGE m o d e l  o f  t h e  

Sou th  A f r i can  economy t o  asses t h e  economy-w ide  i m p a c t  o f  a  wage  

subs idy  t a r g e t e d  a t  semi -  a n d  unsk i l l ed  workers .  

T h e  mode l  used was deve loped  b y  t h e  I n t e r n a t i o n a l  Food Pol icy  Research 

I n s t i t u t e  ( IFPRI)  (see L o f g r e n  et at., 2001)  and  a d a p t e d  f o r  Sou th  A f r i ca  

b y  Lewis  (2001) .  T h e  mode l  is  Wal ras ian and  neoc lass ica l  i n  fo rm,  where  

t h e  s t a n d a r d  neoc lass ica l  mode l  assumes f u l l  e m p l o y m e n t  i n  a l l  f a c t o r  

marke ts .  Th is  assumpt ion  is, however  n o t  v a l i d  f o r  semi-  and  u n s k i l l e d  

workers  i n  Sou th  A f r i ca .  T o  mode l  semi-  a n d  unsk i l l ed  u n e m p l o y m e n t  

t h e y  assumed a f i x e d  rea l  wage a n d  an  u n l i m i t e d  supp ly  o f  l abour  a t  t h i s  

wage.  A l l  o t h e r  sub-c lasses o f  l abour  (pro fess iona l ,  sk i l l ed  a n d  i n f o r m a l  

workers )  were  cons ide red  m o b i l e  and  f u l l y  emp loyed  a t  f l e x i b l e  wages. 

T h e  r e s u l t s  f r o m  t h e  m o d e l  p r o v e d  t h a t  under  c o n d i t i o n s  o f  w e l l -  

f u n c t i o n i n g  l a b o u r  m a r k e t s  ( w h i c h  is  n o t  comp le te ly  t h e  case i n  Sou th  

A f r i ca )  a  wage  subs idy  scheme cou ld  h a v e  p o s i t i v e  e f f e c t s  o n  

e m p l o y m e n t  and  va r ious  o t h e r  economic  aggrega tes .  I t  was f u r t h e r  

f o u n d  t h a t  i nc reased  consumpt ion ,  i nves tment ,  income, sav ings and  

e m p l o y m e n t  cou ld  c o n t r i b u t e  t o w a r d s  h i g h e r  o u t p u t  and  GDP. They  f o u n d  

t h a t  t h e  m e t h o d  o f  f i n a n c i n g  as w e l l  as  t h e  scope o f  t h e  subs idy  cou ld  

p o t e n t i a l l y  have  i m p o r t a n t  i n d i r e c t  e f f e c t s  a n d  shou ld  b e  cons ide red  

ca re fu l l y .  However,  wage subs idy  schemes a r e  o n l y  one  o f  a  poss ib le  



a r r a y  o f  p o l i c y  o p t i o n s  t o  reduce  u n e m p l o y m e n t .  There fo re ,  it was  f o u n d  

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

i m p l e m e n t a t i o n  o f  a  w a g e  subs idy  scheme. 

4 .2 .1 .2  E n v i r o n m e n t a l  models  

Revenue Neut ra l  Tax on Coal: Because t h e  c u r r e n t  t a x  sys tem i n  

S o u t h  A f r i ca  is  s t r u c t u r e d  such t h a t  m o s t  o f  t h e  t a x  b u r d e n  f a l l s  o n  

labour ,  t h e  a i m  o f  De  W e t  a n d  Van Heerden 's  m o d e l  (2001)  was  t o  

d e t e r m i n e  w h e t h e r  a  f i sca l  r e f o r m  t h a t  i n t r o d u c e s  a  revenue  n e u t r a l  t a x  

o n  t h e  use  o f  coal, c o u l d  r e s u l t  i n  a n  inc rease  i n  t h e  o v e r a l l  w e l f a r e  o f  

S o u t h  A f r i c a n  c i t i zens .  T h e  m o d e l  used by  De  W e t  a n d  Van Heerden  

( 2 0 0 1 )  was a n  a p p l i e d  genera l  e q u i l i b r i u m  m o d e l  o f  t h e  S o u t h  A f r i can  

v e r s i o n  o f  t h e  ORANI-G mode l .  The  m o d e l  d i s t i n g u i s h e d  b e t w e e n  45 

sec to rs  o f  p r o d u c t i o n  i n  Sou th  Af r ica ,  w h i c h  i n c l u d e d  t h e  coa l  sec to r .  1 4  

d i f f e r e n t  househo lds  w e r e  d i s t i n g u i s h e d  a l o n g  i n c o m e  groups,  w h i l e  

cap i ta l ,  l a b o u r  a n d  l a n d  w e r e  i n c l u d e d  as p r i m a r y  f a c t o r s  o f  p r o d u c t i o n .  

D i s t i n c t i o n  was  a l s o  m a d e  b e t w e e n  4 d i f f e r e n t  t ypes  o f  l abour .  

T h e  r e s u l t s  f r o m  t h e  m o d e l  i n d i c a t e d  t h a t  a n  inc rease  i n  t h e  t a x  o n  coa l  

w o u l d  h a v e  pos i t ive ,  if marg ina l ,  e n v i r o n m e n t a l  b e n e f i t s  f o r  S o u t h  

Af r ica .  Such a  t a x  would,  however ,  h a v e  n e g a t i v e  consequences f o r  t h e  

S o u t h  A f r i c a n  economy i n  t h e  f o r m  o f  a  l o w e r  l e v e l  o f  emp loyment ,  

c o n s u m p t i o n  a n d  economic  g r o w t h .  

Energy Policy: Van Heerden, Ger lagh,  B l i gnau t ,  Hess, Mabugu, Ch i t i ga  

a n d  De  W e t  (2004), ana lysed  t h e  q u e s t i o n  w h e t h e r  a  d e v e l o p i n g  c o u n t r y  

l i k e  Sou th  A f r i ca  s tands  t o  g a i n  f r o m  t a x i n g  e i t h e r  energy  c o n s u m p t i o n  

o r  g reenhouse  gas emiss ions .  I n  address ing  t h i s  ques t ion ,  t h e y  

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

us ing  e n e r g y  c o n s u m p t i o n  a n d  g reenhouse  gas emiss ions  d a t a  f o r  S o u t h  

A f r i ca  a n d  a  SAM, a l l  f o r  1998, t h r o u g h  t h e  a p p l i c a t i o n  o f  a  CGE mode l .  

T h e  UPGEM-model  used, was f o r m u l a t e d  a n d  so lved  u s i n g  GEMPACK, a  

f l e x i b l e  sys tem f o r  s o l v i n g  CGE mode ls  a n d  based o n  t h e  ORANI-G-model  

o f  t h e  A u s t r a l i a n  economy.  The  m o d e l  was  based on  t h e  o f f i c i a l  1998  



SAM o f  S o u t h  Af r ica ,  p u b l i s h e d  b y  StatsSA. T h i s  SAM cons is ted  o f  2 7  

sectors,  w h i c h  was s p l i t  i n t o  39 sec to rs  f o r  t h e  p u r p o s e  o f  t h i s  paper ,  1 2  

h o u s e h o l d  t y p e s  a n d  4  e t h n i c  g roups .  

R e g a r d i n g  t h e  e f f e c t  o n  t h e  e n v i r o n m e n t ,  t h e  r e s u l t s  w e r e  v e r y  p o s i t i v e :  

a l l  t h e  t a x  c o m b i n a t i o n s  gave  a  p o s i t i v e  e n v i r o n m e n t a l  e f f e c t .  T h e  

decreases i n  emiss ions  pe r  u n i t  o f  r e a l  g o v e r n m e n t  r e v e n u e  c o l l e c t e d  

w h e n  t h e  f o u r  f o r m s  o f  e n v i r o n m e n t a l  t axes  w e r e  imp lemented ,  w e r e  i n  

a l l  cases m o r e  t h a n  t h e  inc reases  t h a t  c o u l d  b e  e x p e c t e d  w i t h  t h e  t a x  

b reaks  g i ven .  T h e  t a x  b r e a k s  cons ide red  w e r e  a  g e n e r a l  dec rease  i n  t h e  

d i r e c t  t a x  r a t e s  o n  l a b o u r  a n d  cap i ta l ,  a n d  a  genera l  dec rease  i n  t h e  

i n d i r e c t  t a x  r a t e  o n  f i n a l  c o n s u m p t i o n .  T h e  i m p l i c a t i o n  o f  t h e  s t u d y  was  

t h a t  as l o n g  as  a n  economic  b e n e f i t  f r o m  r e c y c l i n g  taxes  c o u l d  b e  

ach ieved,  i t w o u l d  a lways  b e  poss ib le  t o  r e a p  a  d o u b l e  d i v i d e n d  as we l l .  

4 .2 .1 .3  T r a d e  l i b e r a l i s a t i o n  m o d e l  

Agricultural  Exports: McDonald  a n d  Pun t  ( 2 0 0 1 )  used a  CGE m o d e l  t o  

ana lyse  t h e  i m p a c t  o f  i nc reased  a g r i c u l t u r a l  e x p o r t  o p p o r t u n i t i e s  u p o n  

t h e  economy o f  t h e  W e s t e r n  Cape, w i t h  spec i f i c  r e f e r e n c e  t o  g r a p e  a n d  

dec iduous  f r u i t  p r o d u c t i o n  t h a t  h a d  ach ieved  apprec iab le  p r o d u c t i v i t y  

g r o w t h .  The  m o d e l  was c a l i b r a t e d  w i t h  a  SAM f o r  t h e  W e s t e r n  Cape i n  

1993, i n  w h i c h  a g r i c u l t u r e  ( 2 4  c o m m o d i t i e s  a n d  9  a g r o n o m i c  

ac t i v i t i esJ reg ions )  a n d  l a b o u r  (11 s k i l l  c lasses a n d  4  r a c i a l  c lasses) w e r e  

e x t e n s i v e l y  d i saggrega ted .  

T h e  resu l t s  f r o m  t h i s  m o d e l  d e m o n s t r a t e d  t h a t  t h e  economic  b e n e f i t s  

a c c r u i n g  f r o m  e x p a n d e d  e x p o r t  o p p o r t u n i t i e s  w e r e  n o t  o n l y  i n f l u e n c e d  by  

c a p a c i t y  c o n s t r a i n t s  b u t  a l so  b y  t h e  p a t t e r n s  o f  i n t e r d e p e n d e n c e  w i t h i n  

a n  economy.  I n  t h e  case o f  t h e  Wes te rn  Cape it was e v i d e n t  t h a t  t h e  

inc reases  i n  e x p o r t s  o f  wine,  t a b l e  g rapes  a n d  o t h e r  dec iduous  f r u i t s  

s h o u l d  h a v e  c o n t r i b u t e d  p o s i t i v e l y  t o  increases i n  e m p l o y m e n t  a n d  r u r a l  

incomes, espec ia l l y  a m o n g  f a r m - w o r k e r  households .  They  s h o u l d  a l s o  

h a v e  c o n t r i b u t e d  t o  r e d u c t i o n s  i n  i n c o m e  i n e q u a l i t i e s .  More  i m p o r t a n t l y ,  

t h e  e x t e n t  t o  w h i c h  c a p a c i t y  c o n s t r a i n t s  c o u l d  b e  re leased  w o u l d  b e  a n  

i m p o r t a n t  d e t e r m i n a n t  o f  t h e  a b s o l u t e  m a g n i t u d e  o f  t h e  b e n e f i t s .  T h i s  



sugges ted  t h a t  t r a d e  o p p o r t u n i t i e s  accompan ied  b y  p r o d u c t i v i t y  g r o w t h  

w e r e  l i ke ly  t o  be  comp lementa ry  i n  t h e  search f o r  g r o w t h  a n d  reduced  

i n e q u a l i t y .  

4.2.2 Macro CGE models for South Africa 

Most  o f  t h e  e a r l i e r  a n d  a lso r e c e n t  CGE mode ls  f o r  Sou th  A f r i ca  a r e  

macro  CGE models .  These  models  p r i m a r i l y  focus  o n  t h e  i m p a c t  e f f e c t  o f  

d i f f e r e n t  po l i c ies  o n  t h e  d i s t r i b u t i o n  o f  income, t h e  t r a d e  ba lance  and  

sec to ra l  g r o w t h .  Most  o f  t h e  models  use  c losures t h a t  d e v i a t e  f r o m  t h e  

neoc lass ica l  c losure.  S im i la r  t o  Wal ras ian models,  t h e  c losures  o f  m o s t  

macro  CGE mode ls  f o r  Sou th  Af r ica  a r e  d e t e r m i n e d  b y  ca l ib ra t ion .  

T h e  macro  CGE models  f o r  Sou th  A f r i ca  may  b e  d i v i d e d  i n t o  t h e  f o l l o w i n g  

t h r e e  m a i n  g r o u p s :  

. Macroeconomic  fo recas t ing  models .  . Pol icy  mode ls  used i n  d i f f e r e n t  sectors.  . Models  s t u d y i n g  t h e  macroeconomic  impac t  o f  H I V  / AIDS. 

4 .2 .2 .1  Macroeconomic  Forecast ing Models 

A Provisional  CGE Model for  South Africa: T h e  ve ry  f i r s t  CGE mode l  

f o r  Sou th  A f r i ca  was b u i l t  b y  Naude a n d  Br i xen  (1993) .  They  used  a 

m u l t i - s e c t o r  CGE mode l  o f  w h i c h  t h e  equa t ions  were  der i ved  f r o m  so lv ing  

t h e  c o n s t r a i n e d  o p t i m i s a t i o n  p rob lems o f  f o u r  t y p e s  o f  households,  t h e  

government ,  t h e  e x t e r n a l  sector  a n d  11 sec to rs  o f  p r o d u c t i o n .  A SAM f o r  

1988  was used  as a  database t o  c a l i b r a t e  t h e  model 's  equa t ions .  The 

m o d e l  cons is ted  o f  a  system o f  s imu l taneous  n o n - l i n e a r  equa t ions  and  

was based o n  t h e  w o r k  o f  D r u d  e t  a/. (1986), D r u d  a n d  Kendr ick  (1990)  

and  Derv is  e t  a/.  (1982) .  T h e  mode l  cons is ted  o f  a  set  o f  demand 

equat ions,  a  set  o f  supp ly  e q u a t i o n s  and  l i n k a g e  e q u a t i o n s  t h a t  ensured  

t h a t  t o t a l  supp ly  equa led  t o t a l  demand w i t h o u t  necessar i l y  m a t c h i n g  

i n d i v i d u a l  supp l ie rs  w i t h  i n d i v i d u a l  demands (Pyat t ,  1988) .  



T h i s  m o d e l  was o n e  o f  t h e  f i r s t  CGE m o d e l s  sugges ted  f o r  Sou th  Af r ica ,  

a n d  was t h e r e f o r e  r e g a r d e d  as  p r o v i s i o n a l  as  f a r  as t h e  cho ice  o f  

fac tors ,  i ns t i t u t i ons ,  sec to ra l  d i s a g g r e g a t i o n  a n d  m a t h e m a t i c a l  

r e p r e s e n t a t i o n  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e m  w e r e  concerned .  

Economic  p o l i c y  s i m u l a t i o n s  w i t h  t h e  a b o v e  m o d e l  w e r e  p e r f o r m e d  

t h r o u g h  HERCULES. T h e  r e s u l t s  f r o m  each  e x p e r i m e n t  w e r e  g i v e n  b y  

HERCULES i n  t h e  f o r m  o f  a  n e w  SAM, w h i c h  c o u l d  b e  c o m p a r e d  t o  t h e  

base  1988  SAM t o  o b t a i n  t h e  e f f e c t s  o f  t h e  economic  po l i cy .  

Naudt '  a n d  Br i xen  (1993)  used  t h e  a b o v e  mode l  i n  c o m p a r a t i v e  s t a t i c  

f a s h i o n  t o  s i m u l a t e  t h e  i m p a c t  o f  a  1 0  p e r c e n t  i nc rease  i n  r e a l  

g o v e r n m e n t  consumpt ion ,  a  1 0  p e r c e n t  i nc rease  i n  e x p o r t  demand, a  1 0  

p e r c e n t  i nc rease  i n  t h e  w o r l d  p r i c e  f o r  e x p o r t s  a n d  impor ts ,  a n d  a  5 0  

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

a b o v e  w e r e  r e p e a t e d  u n d e r  f o u r  se ts  o f  c l o s u r e  ru les .  The  r e s u l t s  f r o m  

t h e  e x p e r i m e n t s  w e r e  c o n s i s t e n t  o n  a  n u m b e r  o f  issues.  First,  t h e  t y p e  

o f  c losu re  r u l e  u n d e r  w h i c h  t h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  was c ruc ia l  

f o r  t h e  r e s u l t s .  Second, t h e  spec ia l  r o l e  p l a y e d  b y  t h e  m i n i n g  sec to r  was 

d i s t i n g u i s h e d .  I n  m a n y  e x p e r i m e n t s  t h e  m i n i n g  sec to r  behaved  

d i f f e r e n t l y  f r o m  t h e  o t h e r  d o m e s t i c  sec to rs .  Th i rd ,  i t was n o t i c e a b l e  t h a t  

t h e  Sou th  A f r i can  economy was  p a r t i c u l a r l y  v u l n e r a b l e  t o  e x t e r n a l  

shocks, n o  d o u b t  d u e  t o  t h e  spec i f ic  s t r u c t u r e  o f  t h e  Sou th  A f r i c a n  

economy such as t h e  dependence  on  f o r e i g n  c a p i t a l  goods, coup led  w i t h  

t h e  t e n d e n c y  f o r  t h e  g o v e r n m e n t  t o  e x p a n d  e x p e n d i t u r e  w h e n  t h e  g o l d  

p r i c e  r i ses  b u t  n o t  t o  c u t  back o n  p r o g r a m m e s  w h e n  t h e  g o l d  p r i c e  fa l l s .  

Four th ,  o t h e r  aspec ts  o f  t r a d i t i o n a l  s t r u c t u r a l  a d j u s t m e n t  programmes,  

such as l i b e r a l i s i n g  t rade,  shou ld  b e  cons ide red .  F i f th ,  t h e  sav ing -  

i n v e s t m e n t  c losure ,  w h e r e b y  i n v e s t m e n t  is  sav ing  d r i ven ,  p l a y e d  a n  

i m p o r t a n t  r o l e  i n  t h e  r e s u l t s  t h a t  w e r e  o b t a i n e d .  Final ly ,  a l t h o u g h  some 

o f  t h e  s i m u l a t e d  po l i c ies  d i d  h a v e  some e f f e c t  i n  red ress ing  t h e  u n e q u a l  

d i s t r i b u t i o n  o f  income, t h e s e  e f f e c t s  w e r e  m a r g i n a l .  I t  was f o u n d  t h a t  

t h e  dominance  o f  t h e  g o v e r n m e n t  sec to r  was p a r t  o f  t h e  s t r u c t u r a l  

p r o b l e m  f a c i n g  Sou th  Af r ica .  T h e  g o v e r n m e n t  s h o u l d  b e c o m e  a p a r t  o f  

t h e  so lu t i on ,  r a t h e r  t h a n  r e m a i n i n g  a  p a r t  o f  t h e  p r o b l e m  o f  economic  

r e s t r u c t u r i n g .  T h e  emphas is  s h o u l d  r a t h e r  b e  on  a v o i d i n g  a  ' b loa ted  

bu reauc racy  syndrome"  (Hugo  a n d  Stack, 1992 :69 )  w h i l e  i nc reas ing  t h e  



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

c o m p o s i t i o n  o f  t h e  b u d g e t  e x p e n d i t u r e .  

The Nat ional  I n s t i t u t e  f o r  Economic Policy Model: T h e  NIEP m o d e l  

was d e v e l o p e d  b y  t h e  Macroeconomic  Research Group  (MERG), w h i c h  was 

es tab l i shed  i n  t h e  e a r l y  1990s.  T h e r e  g o a l  was t o  c r e a t e  a n  economic  

b l u e p r i n t  f o r  t h e  i n c o m i n g  A f r i c a n  Na t iona l  Congress l e d  g o v e r n m e n t .  S.  

Gelb, B. G ibson a n d  L. Taylor ,  t h e  o r i g i n a l  a r c h i t e c t s  o f  t h e  MERG model ,  

d e v e l o p e d  a  s t r u c t u r a l i s t  CGE model ,  wh ich  was t h e n  t r a n s f o r m e d  i n t o  a  

s t r u c t u r a l i s t - m a c r o e c o n o m i c  m o d e l  w i t h  1 5 3 4  e n d o g e n o u s  va r iab les  a n d  

60 exogenous  va r iab les  b y  Pe te r  B ra in  o f  t h e  N a t i o n a l  I n s t i t u t e  o f  

Economic  a n d  I n d u s t r y  Research i n  Aus t ra l i a .  The  m o d e l  a l t e r e d  b y  Peter  

B ra in  was  used i n t e n s i v e l y  b y  MERG t o  f o r m u l a t e  t h e i r  q u a n t i t a t i v e  

p o l i c y  recommenda t ions .  "Spec i f ica l ly ,  i t s i m u l a t e d  t h e  r e q u i r e m e n t s  o f  

t h e  R e c o n s t r u c t i o n  a n d  D e v e l o p m e n t  P rogramme (RDP) i n  t e r m s  o f  

e m p l o y m e n t  genera t ion ,  c h a n g i n g  p a t t e r n s  o f  i n c o m e  d i s t r i b u t i o n ,  

ba lance  o f  p a y m e n t s  s u s t a i n a b i l i t y  a n d  t h e  g o v e r n m e n t  d e f i c i t "  (Jerome,  

2004) .  T h e  m o d e l  was  a l so  used f o r  f u r t h e r  s t u d i e s  r e g a r d i n g  

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

schedu le .  

T h e  mode ls '  u n d e r l y i n g  t h e o r e t i c a l  f r a m e w o r k  was  neo-Keynes ian  

s t r u c t u r a l i s t  a n d  emphas is  was o n  a g g r e g a t e  d e m a n d .  T h e  r e s u l t s  f r o m  

t h e  m o d e l  i n d i c a t e d  tha t ,  f o r  t h e  RDP t o  succeed g i v e n  t h e  r a t e  o f  

p o p u l a t i o n  g rowth ,  l i v i n g  s tandards  o f  t h e  t o p  20 pe r  c e n t  o f  househo lds  

needed  t o  r e m a i n  c o n s t a n t  o r  i m p r o v e  m a r g i n a l l y  ove r  t h e  n e x t  f o u r  t o  

f i v e  years  a f t e r  w h i c h  it c o u l d  i m p r o v e  i n  l i n e  w i t h  t h e  g r o w t h  r a t e .  

A c t i v i t i e s  w h i c h  w i l l  i nc rease  t h e  s tock  o f  phys ica l  i n f r a s t r u c t u r e ,  s k i l l  

f o r m a t i o n  a n d  phys ica l  c a p i t a l  f o rmat ion ,  m u s t  b e  t a r g e t e d  b y  f i sca l  

expans ion  a n d  t h e  r e f o r m  o f  t h e  t a r i f f  sys tem m u s t  b e  g r a d u a l  e n o u g h  t o  

encourage  e n t e r p r i s e s  t o  a d j u s t  t o  i n t e r n a t i o n a l  c o m p e t i t i o n  a n d  

enhance  t h e i r  e x p o r t  c a p a b i l i t i e s  (Jerome,  2004) .  "Over  t h e  m e d i u m  

t e r m ,  it w i l l  b e  necessary  t o  a d o p t  e x p o r t  o r i e n t e d  i n c e n t i v e s  f o r  

s t r a t e g i c  i n d u s t r i e s  i n  o r d e r  t o  p a r t l y  o f f s e t  t h e  a n t i  e x p o r t  b i a s  as a 

r e s u l t  o f  t a r i f f  r e d u c t i o n  a n d  r i s i n g  i m p o r t s "  (Jerome,  2004) .  



The IDC's CGE model: The  I D C  m o d e l  w a s  d e v e l o p e d  i n  1993 w i t h  t h e  

a i d  o f  t h e  I m p a c t  Research Group o f  Monash U n i v e r s i t y  i n  Aus t ra l i a .  T h e  

m o d e l  was deve loped  w i t h  t h e  o b j e c t i v e  o f  ass i s t i ng  po l i cymakers  i n  

q u a n t i f y i n g  t h e  i m p a c t s  o f  p roposed  economic  p o l i c y  measures .  T h e  

m o d e l  was  used t o  e v a l u a t e  t h e  e f f e c t s  o f  i nc rease  i n  g o v e r n m e n t  

spend ing  u n d e r  d i f f e r e n t  f i n a n c i n g  methods ;  t h e  i m p l i c a t i o n s  o f  c a p i t a l  

f l o w s  a n d  t r a d e  p o l i c y  o n  t h e  i n d u s t r i a l  s e c t o r  o f  t h e  economy;  t h e  

e f f e c t s  o f  a n  inc rease  i n  g o v e r n m e n t  spend ing  o n  p r o v i n c i a l  g ross  

p roduc ts ;  a n d  t h e  i m p l i c a t i o n  o f  t h e  a d o p t i o n  o f  Uruguay  Round t r a d e  

l i b e r a l i s a t i o n  measures  (Jerome, 2004).  

T h e  I D C  m o d e l  is  a  CGE m o d e l  a n d  a  t r i a l  p r o d u c t  o f  t h e  A u s t r a l i a n  

ORANI-F mode l .  T h e  t h e o r e t i c a l  f o u n d a t i o n  o f  t h e  I D C  m o d e l  was 

p r o v i d e d  b y  neoc lass ica l  Wa l ras ian  g e n e r a l  e q u i l i b r i u m  theory ,  w i t h  

o p t i m i s i n g  b e h a v i o u r  f o r  i n d i v i d u a l  a c t o r s  a n d  f i r m s  i n  t h e  economy.  A l l  

i n d u s t r i e s  h a v e  a  c o n s t a n t  e l a s t i c i t y  o f  s u b s t i t u t i o n  techno logy ,  a l t h o u g h  

i n p u t  p r o p o r t i o n s  a n d  b e h a v i o u r a i  p a r a m e t e r s  may  v a r y  b e t w e e n  

i n d u s t r i e s  (Jerome,  2004) .  T h e  m o d e l  is  c a l i b r a t e d  t o  a  SAM, w h i c h  i s  

d i s a g g r e g a t e d  i n t o  103  s i n g l e - p r o d u c t  i ndus t r i es ,  2  c lasses o f  

commod i t i es ,  65 ca tegor ies  o f  l a b o u r  a n d  2 4  househo lds .  

T h e  r e s u l t s  o b t a i n e d  f r o m  a p p l y i n g  t h e  m o d e l  i n d i c a t e  t h a t  t h e  i n c o m e  

d i s t r i b u t i o n  e f f e c t s  o f  a n  inc rease  i n  g o v e r n m e n t  spend ing  f i n a n c e d  b y  

d o m e s t i c  b o r r o w i n g  a n d  f o r e i g n  c a p i t a l  i n f l o w s  a r e  r e l a t i v e l y  sma l l .  T h e  

r e s u l t s  recommended  t h e  a d o p t i o n  o f  c o u n t e r  measures  t o  o f f s e t  t h e  r e a l  

exchange  r a t e  a p p r e c i a t i o n .  T h e  IDCGEM i s  t h e  l a r g e s t  a n d  m o s t  

f r e q u e n t l y  used  CGE m o d e l  i n  Sou th  A f r i ca  (Bur rows,  1995),  a n d  was 

used  t o  i n f o r m  Sou th  Afr ica 's GATT n e g o t i a t i o n s .  T h e  r e s u l t s  i n d i c a t e d  

t h a t  t h e  i m p l e m e n t a t i o n  o f  t h e  GATT w o u l d  s t i m u l a t e  b o t h  f i n a l  a n d  

i n t e r m e d i a t e  goods, a n d  t h a t  b y  r e d u c i n g  d o m e s t i c  costs  r e l a t i v e  t o  

i n t e r n a t i o n a l  p r i c e  leve ls  it w o u l d  s t i m u l a t e  e x p o r t s .  

Currency depreciat ion,  t rade  l iberal isat ion and economic 

development:  Coetzee, Gwarada, Naude  a n d  Swanepoe l  (1997)  used  a  

CGE model ,  t h e  IDCGEM o f  t h e  I n d u s t r i a l  D e v e l o p m e n t  C o r p o r a t i o n  (see  

a l so  Jouber t ,  1994; H o r r i d g e  et a/ . ,  1995;  1996;  Bur rows,  1995),  t o  



m o d e l  t w o  scenar ios  i m p l i e d  b y  t r a d e  l i b e r a l i s a t i o n  a n d  t h e  d e p r e c i a t i o n  

o f  t h e  Rand. T h e  f i r s t  scenar io  t o o k  i n t o  c o n s i d e r a t i o n  t h e  a b o l i t i o n  o f  

surcharges,  t h e  p h a s i n g - o u t  o f  GEIS (Genera l  E x p o r t  I n c e n t i v e  Scheme), 

t h e  c u r r e n t  t a r i f f  r e d u c t i o n  p r o g r a m m e  (TRP) a n d  a  20 p e r c e n t  

d e p r e c i a t i o n  i n  t h e  n o m i n a l  e f f e c t i v e  exchange  r a t e .  T h e  second scenar io  

was t h e  same as  t h e  f i r s t  scenar io  excep t  f o r  t h e  TRP. The  TRP was 

acce le ra ted  b y  dec reas ing  a l l  t a r i f f s  by  5  p e r c e n t a g e  p o i n t s  ( o r  less f o r  

t a r i f f s  l o w e r  t h a n  5  pe r  c e n t )  s t a r t i n g  i n  1997.  

IDCGEM i s  a  m u l t i - s e c t o r a l  CGE m o d e l  c o n s i s t i n g  o f  a  sys tem o f  

s i m u l t a n e o u s  n o n - l i n e a r  equa t ions .  I t  c o n t a i n s  103  s i n g l e - p r o d u c t  

i ndus t r i es ,  2 m a r g i n s  commodi t ies ,  65 c a t e g o r i e s  o f  l a b o u r  a n d  24  

househo lds .  T h e  i n p u t - o u t p u t  da tabase  was c o m p i l e d  b y  WEFA SA ( n o w  

G loba l  I n s i g h t  S o u t h e r n  A f r i ca )  w o r k i n g  f r o m  Van Seventer,  Ecker t  a n d  

d e  Lange (1992) .  Da ta  f o r  t h e  occupa t iona l  a n d  r a c e  d i s a g g r e g a t i o n  o f  

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

h o u s e h o l d  sector ,  was  supp l ied .  IDCGEM was a p p l i e d  i n  a  so -ca l l ed  

c o m p a r a t i v e - s t a t i c  way, assuming  t h a t  t h e  env isaged  changes a n d  shocks 

w e r e  a p p l i e d  t o  t h e  economy "overn igh t " .  Fu r the rmore ,  t h e  r e s u l t s  

r e p r e s e n t e d  a  "worse-case scenar io "  g i v e n  a  sudden, as  apposed  t o  a  

phased- in ,  i m p l e m e n t a t i o n  o f  t h e  shocks.  

T h e  s i m u l a t i o n  r e s u l t s  i n d i c a t e d  t h a t  a n  acce le ra ted  t a r i f f  r e f o r m  

p r o g r a m m e  r e d u c e d  t h e  i n f l a t i o n a r y  i m p a c t  o f  d e p r e c i a t i o n  o n  p roducers  

a n d  househo lds .  T h e  r e s u l t s  f r o m  t h e  s t u d y  us ing  t h e o r e t i c a l  as  w e l l  as  

e m p i r i c a l l y - b a s e d  a rguments ,  was tha t ,  w h i l e  a  c u r r e n c y  d e p r e c i a t i o n  o f  

t h e  S o u t h  A f r i c a n  c u r r e n c y  a m i d s t  t r a d e  l i b e r a l i s a t i o n  m i g h t  b e  i n  

c o n f l i c t  w i t h  deve lopment ,  acce le ra ted  t a r i f f  r e d u c t i o n  sugges ted  b y  t h e  

macroeconomic  s t r a t e g y  m i g h t  ease t h i s  c o n f l i c t .  

The Development  Bank of Southern Afr ica (DBSA) Model:  T h e  DBSA 

m o d e l  was  b u i l t  b y  Gibson a n d  Van Seven te r  i n  1995  a n d  o r i g i n a t e d  f r o m  

Gelb, Gibson a n d  Tay lor 's  w o r k  o n  t h e  MERG mode l .  T h e  m o d e l  a l s o  

u p d a t e s  a n d  rev i ses  Gelb, Gibson, T a y l o r  a n d  Van Seventer  (1993) .  T h i s  

s t r u c t u r a l i s t  CGE m o d e l  was used t o  e x a m i n e  t h e  cons is tency  a n d  i m p a c t  



o f  t h e  n e w  government 's  po l ic ies  and  t o  e x p l a i n  t h e  e f f e c t s  o f  exogenous 

shocks o n  t h e  economy.  

T h e  m o d e l  is  essen t ia l l y  a  dynamic  CGE m o d e l  r e s t i n g  o n  a  soc ia l  

accoun t ing  m a t r i x  a n d  va r ious  rea l - f i nanc ia l  i n t e r a c t i o n s  a n d  

i n c o r p o r a t e s  conven t iona l  macro -economic  re la t ionsh ips .  T h e  DBSA 

m o d e l  is  s t r u c t u r a l i s t  i n  t h a t  r e a l - w o r l d  d e p a r t u r e s  f r o m  t h e  Wal ras ian 

idea l  o f  c o m p e t i t i v e  m a r k e t s  a r e  recogn ised  a n d  i n t e g r a t e d  t h r o u g h  t h e  

i n c o r p o r a t i o n  o f  s t r u c t u r a l  r i g i d i t i e s  (Jerome, 2004) .  Th is  is  mode l led  b y  

assuming  t h a t  t h e  economy i s  less  respons ive  t o  changes i n  r e l a t i v e  

pr ices,  a t  l eas t  i n  t h e  s h o r t  r u n  (Gibson a n d  Van Seventer,  1996a) .  A 

r e a l  and  a  f i nanc ia l  SAM a r e  used t o  c a l i b r a t e  t h e  mode l  a n d  paramete rs  

a r e  e i t h e r  based on f i x e d  coe f f i c ien ts  o f  t h e  u n d e r l y i n g  SAMs, o r  a r e  

d e t e r m i n e d  b y  assumpt ion .  T h e  r e a l  SAM is  based o n  t h e  SAM f o r  t h e  

year  1988 comp i led  b y  Van Seventer  e t a l .  (1992) .  

Economic a c t i v i t y  is  dev ided  i n t o  n i n e  sec to rs :  one  serv ice sec to r  a n d  

e i g h t  goods-p roduc ing  sectors.  These sec to rs  a r e  d i v i d e d  b e t w e e n  p r i ce  

a d j u s t i n g  sectors  ( i .e., a g r i c u l t u r e  a n d  min ing) ,  w h i c h  a r e  assumed t o  b e  

o p e r a t i n g  a t  f u l l  capac i ty ,  and  q u a n t i t y  c lea r ing  sectors .  One set  o f  

u n c a l i b r a t e d  c o e f f i c i e n t s  a r e  used i n  t h e  i n v e s t m e n t  f u n c t i o n s  o f  a l l  o f  

t h e  sectors .  These  sec to rs  a r e  c o e f f i c i e n t s  d e f i n e d  t o  c a p t u r e  t h e  e f f e c t s  

on spec i f i c  sector 's i n v e s t m e n t  o f  changes i n  t h e  r e a l  i n t e r e s t  rate,  

i n f l a t i on ,  capac i t y  u t i l i sa t ion ,  p r o f i t  r a t e  and  g o v e r n m e n t  i n v e s t m e n t  

(Jerome,  2004) .  

T h e  mode l  eva lua tes  t h e  i m p a c t  o f  changes i n  t h e  vo lume and  s t r u c t u r e  

o f  t r a d e  o n  macroeconomic  var iables;  t h e  e f f e c t  o f  c o n t r a c t i o n a r y  f isca l  

po l i cy  o n  t h e  economy; and  o u t l i n e s  t h e  e lements  o f  a  g r o w t h  s t r a t e g y  

f o r  t h e  med ium t e r m .  I t  examines:  t h e  i m p l i c a t i o n s  o f  an  increase i n  

g o v e r n m e n t  i n v e s t m e n t  by  ra i s ing  t h e  r a t i o  o f  t h e  Publ ic  Sector  

B o r r o w i n g  Requ i rement  (PSBR) t o  GDP b y  a b o u t  0,5 p e r  cent ;  a  p roposa l  

t o  f u n d  low- income hous ing  e x p e n d i t u r e  b y  reduc ing  t h e  leve l  o f  

government ;  t h e  e f f e c t s  o f  a  po l i cy  t h a t  emphas ises e x p o r t  g r o w t h ;  t h e  

i m p a c t  o f  a  poss ib le  d e v a l u a t i o n  o n  income d i s t r i b u t i o n ,  i n f l a t i on ,  



g r o w t h  a n d  e m p l o y m e n t ;  a n d  t h e  macroeconomic  consequences o f  

d i f f e r e n t  g o v e r n m e n t  e x p e n d i t u r e s  scenar ios .  

T h e  r e s u l t s  o b t a i n e d  f r o m  t h e  mode ls '  s i m u l a t i o n s  i n d i c a t e  t h a t  t h e  

e f f e c t  o f  e x p o r t  g r o w t h  o n  macroeconomic  va r iab les  d e p e n d  o n  t h e  way  

i n  w h i c h  it i s  b r o u g h t  a b o u t .  T h e  c o r e  o u t c o m e  o f  a  d e v a l u a t i o n  o f  t h e  

exchange  r a t e  is  t o  ease t h e  ba lance  o f  p a y m e n t s  c o n s t r a i n t  t h r o u g h  

g r o w t h  i n  n o n - t r a d i t i o n a l  expor ts .  As s t a t e d  by  J e r o m e  ( 2 0 0 4 )  ' e lemen ts  

o f  a  g r o w t h  s t r a t e g y  s h o u l d  b e  t h e  l o w e r i n g  o f  t h e  m a r g i n a l  c a p i t a l  

o u t p u t  r a t i o  i n  v a r i o u s  sec to rs  t h r o u g h  inc reased  p u b l i c  sec to r  s p e n d i n g  

a n d  e n c o u r a g i n g  sma l l  a n d  m e d i u m  -s ized en te rp r i ses " .  U n d e r  t h e  

a s s u m p t i o n  t h a t  t h e  r a t i o  o f  PSBR t o  GDP w o u l d  decl ine,  t h e  i m p l i c a t i o n s  

o f  a d o p t i n g  a  c o n s t r a c t i o n a r y  f i sca l  po l i cy  w e r e  examined .  These  p o l i c y  

i m p l i c a t i o n s  w e r e  t h a t  a n  inc rease  i n  p r i v a t e  s e c t o r  i n v e s t m e n t  w o u l d  

n o t  b e  s u f f i c i e n t  t o  o f f s e t  t h e  PSBR d e c l i n e  c o m p l e t e l y  r e s u l t i n g  i n  

m o d e r a t e  g r o w t h  w i t h  i nc reas ing  u n e m p l o y m e n t  a n d  a  d e c l i n e  i n  p u b l i c  

i n v e s t m e n t .  I n  p u b l i c  expend i tu re ,  s w i t c h i n g  f r o m  t h e  c u r r e n t  t o  t h e  

c a p i t a l  a c c o u n t  w o u l d  r e s u l t  i n  a  s im i la r  g r o w t h  path ,  b u t  w i t h  m o r e  

i n f l a t i o n  (Jerome,  2004) .  

I n t e r n a t i o n a l  Food Policy and Trade and I n d u s t r i a l  Policy Models: 

T h e  mode ls '  i n t e n t i o n  was  t o  r e d u c e  t h e  i n i t i a l  cos t  o f  u n d e r t a k i n g  CGE 

ana lys i s  i n  S o u t h  Af r ica .  Desp i te  t h e  m o d e l  b e i n g  essen t ia l l y  

neoclassical ,  i t is  s u i t a b l y  a d a p t a b l e  t o  a c c o m m o d a t e  a n  e x t e n s i v e  

n u m b e r  o f  v i e w s  o n  h o w  t h e  S o u t h  A f r i can  e c o n o m y  a l t e r s  t o  exogenous  

shocks a n d  t h e  use o f  p o l i c y  l eve rs .  

T h e  m o d e l  is  r e c u r s i v e  d y n a m i c  a n d  is  t h e r e f o r e  a n  e x t e n s i o n  o f  t h e  

I F P R I  mode l .  T h e  n e o c l a s s i c a l - s t r u c t u r a l i s t  m o d e l l i n g  t r a d i t i o n  o r i g i n a l l y  

p r e s e n t e d  i n  Derv i s  e t  a/ .  (1982) ,  is  used  t o  c r e a t e  t h e  m o d e l  a n d  is  

f o r m u l a t e d  as a  s e t  o f  s i m u l t a n e o u s  l i nea r  a n d  n o n  l i n e a r  equat ions,  

w h i c h  d e f i n e  t h e  behav iou r  o f  economic  agents ,  as w e l l  as t h e  economic  

e n v i r o n m e n t  i n  w h i c h  t h e s e  a g e n t s  o p e r a t e .  Marke t  e q u i l i b r i u m  

cond i t i ons ,  macroeconomic  balances,  a n d  d y n a m i c  u p d a t i n g  e q u a t i o n s  

a r e  used t o  desc r ibe  t h i s  e n v i r o n m e n t  (Jerome, 2004) .  



Us ing  n a t i o n a l  accoun ts  i n f o r m a t i o n  a n d  supp ly -use  tab les ,  a  1998 SAM 

f o r  S o u t h  A f r i c a  i s  comp i led .  The  r e q u i r e m e n t s  o f  IFPRI's s t a n d a r d  

c o m p a r a t i v e  s t a t i c  CGE m o d e l  a r e  used t o  m a k e  t h e  SAM c o n s i s t e n t .  T h e  

e c o n o m y - w i d e  i m p a c t  o f  a  range  o f  h y p o t h e t i c a l  p o l i c y  levers,  i nc lud ing :  

i nc reased  g o v e r n m e n t  spending;  t h e  e l i m i n a t i o n  o f  t a r i f f  ba r r i e rs ;  a n d  a n  

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

l a b e l l e d  loose ly  as  neoclassical ,  Johansen  a n d  Keynesian,  a r e  s i m u l a t e d  

b y  u s i n g  t h e  above  m o d e l .  These a d j u s t m e n t  o p t i o n s  t r e a t  sav ings a n d  

i n v e s t m e n t  d i f f e r e n t l y .  Under  t h e  neoc lass ica l  a d j u s t m e n t  r u l e  t h e  

e c o n o m y  i s  assumed t o  b e  sav ings -d r i ven ,  w h i l e  u n d e r  t h e  l o h a n s e n  

a d j u s t m e n t  o p t i o n  t h e  economy is  assumed t o  b e  i n v e s t m e n t - d r i v e n  a n d  

t h a t  s a v i n g s - r a t e s  a r e  sca led t o  ensure  t h a t  t h e  l e v e l  o f  sav ings  a n d  

i n v e s t m e n t  is  ba lanced .  Final ly ,  t h e  Keynes ian  a d j u s t m e n t  a p p r o a c h  

assumes t h a t  b o t h  t h e  leve l  o f  i n v e s t m e n t  a n d  t h e  sav ings r a t e s  a r e  

f ixed,  w h e r e  sav ings  w i l l  s t i l l  a d j u s t  t o  ba lance  i n v e s t m e n t  i n  t h a t  h i g h e r  

i n c o m e  w i l l  g e n e r a t e  m o r e  sav ings g i v e n  a  f i x e d  sav ings r a t e .  

T h e  r e s u l t s  i n d i c a t e  t h a t  i n  d e t e r m i n i n g  t h e  e x p e c t e d  i m p a c t s  o f  t h e s e  

po l ic ies ,  t h e  assumpt ions  m a d e  r e g a r d i n g  t h e  mechan isms  o f  

macroeconomic  a d j u s t m e n t  a r e  i m p o r t a n t .  T o  b e g i n  wi th ,  d e s p i t e  m i x e d  

r e s u l t s  c o n c e r n i n g  changes i n  househo ld  i n c o m e  d i s t r i b u t i o n ,  t h e  e f f e c t  

o f  e x p a n s i o n a r y  f i sca l  p o l i c y  seems t o  b e  g r o w t h  enhanc ing,  w h i l e  t h e  

Keynes ian  a d j u s t m e n t  a p p r o a c h  p roduces  t h e  m o s t  p o s i t i v e  resu l t s .  

Fu r the rmore ,  a n  e l i m i n a t i o n  o f  i m p o r t  t a r i f f s  appears  t o  h a v e  a n  

inc reas ing  e f f e c t  o n  t h e  g ross  domes t i c  p roduc t ,  w i t h  n e g a t i v e  

consequences f o r  a g g r e g a t e  m a n u f a c t u r i n g  a n d  p o s i t i v e  consequences 

f o r  serv ices.  Last ly ,  a n  inc rease  i n  t o t a l  f a c t o r  p r o d u c t i v i t y  enhances 

g r o w t h ,  w h i l e  u n d e r  neoc lass ica l  assumpt ions  o f  t h e  macroeconomic  

a d j u s t m e n t  mechan isms  t h e  m o s t  p o s i t i v e  r e s u l t s  a r e  d e r i v e d  (Jerome, 

2004).  

I n  t h e  s t a n d a r d  I F P R I  m o d e l  t h e r e  is  n o  e x p l i c i t  m o d e l l i n g  o f  t h e  

f i n a n c i a l  m a r k e t .  T h e  s t a t i c  mode l  e s t i m a t e s  t h e  i m p a c t  o f  a  change  i n  

p o l i c y  u s i n g  c o m p a r a t i v e  s t a t i c  analysis,  a n d  t h e r e f o r e  t h e r e  i s  n o  

r e f l e c t i o n  o f  t h e  p a t h  o f  a d j u s t m e n t  o v e r  t ime ,  o r  o f  a n y  d y n a m i c  

feedbacks  i n t o  t h e  economy t h r o u g h  changes  i n  i nves tmen t ,  t e c h n o l o g y  



o r  p r o d u c t i v i t y .  I n  a c k n o w l e d g m e n t  o f  t h i s  defect ,  t h e  m o d e l  has been  

upgraded  by T u r l o c k  i n  2 0 0 1  i n t o  a  recurs i ve  dynamic  CGE model ,  where  

he  based t h e  behav iou r  o f  a g e n t s  o n  a d a p t i v e  expec ta t ions  (Jerome, 

2004) .  

T h e  s t r u c t u r e  o f  t h e  s t a t i c  mode l  i s  s im i la r  w i t h  t h e  excep t ion  t h a t  t w o  

SAMs a r e  comp i led  f o r  t h e  years  1993  and  2000.  A number  o f  equa t ions  

t h a t  a l l ows  t h e  r e g i o n a l  d i saggrega t ion  o f  i n t e r n a t i o n a l  t rade;  a n  u p w a r d  

s lop ing  f a c t o r  supp ly  curve;  a n d  fac to r -spec i f i c  p r o d u c t i v i t y  ad jus tments ,  

have  been inc luded  i n  t h e  I F P R I  model .  

T h e  m o d e l  has a l r e a d y  been  used i n  a  number  o f  s tud ies .  A number  o f  

top ics  a r e  covered, i n c l u d i n g  h e a l t h  and  h e a l t h  pol icy;  soc ia l  secur i t y  

and  pub l i c  f inance;  and  labour  m a r k e t  and  t r a d e  po l ic ies .  T h e  mode l  was 

used  f o r  a  number  o f  studies,  i nc lud ing  a  s tudy  d o n e  by Ramprasad a n d  

T h u r l o w  (2003)  t o  r e f l e c t  t h e  i m p a c t  o f  HIV-AIDS and  t h e  p r o v i s i o n  o f  

a n t i - r e t r o v i r a l  t r e a t m e n t  o n  t h e  Sou th  A f r i can  economy.  Dav ies ( 2 0 0 3 )  

a lso used t h e  m o d e l  t o  cons ide r  t h e  e f f e c t s  o f  a l t e r n a t i v e  labour  m a r k e t  

po l i c ies  o n  f u t u r e  leve ls  o f  e m p l o y m e n t  and  T h u r l o w  (2003a  a n d  2003b)  

used  t h e  mode l  t o  r e v i e w  t h e  i m p a c t  t h a t  t r a d e  l i be ra l i sa t ion ,  re fo rm,  

and  t h e  a d o p t i o n  o f  r e g i o n a l  t r a d i n g  agreements  m i g h t  have  o n  t h e  

Sou th  A f r i can  economy.  

4 .2 .2 .2  Pol icy  models  used i n  d i f f e r e n t  sectors  

Trade  Policy Reform:  A f a i r l y  s tandard  s ta t i c  neoc lass ica l  CGE mode l  

was used by Devera jan  and  Lewis (2000)  t o  assess t h e  i m p a c t  o f  t r a d e  

r e f o r m  on households.  The 1992  SAM compr is ing  9 4  p r o d u c t i v e  sec to rs  

was used t o  c a l i b r a t e  a n d  d e t e r m i n e  t h e  s t r u c t u r e  o f  t h e  mode l .  "The 

base SAM is  aggrega ted  i n t o  3 4  sectors,  13 l a b o u r  sk i l l  ca tegor ies  

( f u r t h e r  subd iv ided  b y  e t h n i c  g r o u p )  and  24  households ( 4  e t h n i c  

groups, each subd iv ided  i n t o  6 income classes)"  (Jerome, 2004) .  T h e  

c u r r e n t  expend i tu res  o f  t h e  g o v e r n m e n t  a r e  d i v i d e d  i n t o  f i v e  

c lass i f ica t ions,  and  i n v e s t m e n t  i s  d i v i d e d  i n t o  i t s  pub l i c  and  p r i v a t e  

componen ts .  Many sources o f  t rans fe rs  a r e  d is t i ngu ished  i n  b o t h  t h e  SAM 



a n d  t h e  model ,  f o r  examp le  t r a n s f e r s  f r o m  g o v e r n m e n t  t o  househo lds  

a n d  ac ross  househo lds .  

F i r s t l y ,  n e s t e d  c o n s t a n t  e l a s t i c i t y  o f  s u b s t i t u t i o n  (CES) func t ions ,  a n d  

c o n s t a n t  r e t u r n s  t o  scale, a r e  used t o  m o d e l  p r o d u c t i o n .  Secondly,  

h o u s e h o l d  d e m a n d  is  m o d e l l e d  u s i n g  t h e  E x t e n d e d  L inear  Expend i tu re .  

Th i rd l y ,  t r a d e  is  mode led  us ing  t h e  A r m i n g t o n  a s s u m p t i o n  f o r  i m p o r t  

demand .  F ina l ly ,  a  c o n s t a n t  e l a s t i c i t y  o f  t r a n s f o r m a t i o n  (CET) is  used t o  

m o d e l  e x p o r t  s u p p l y .  Consequen t l y  w o r l d  i m p o r t  a n d  e x p o r t  p r i ces  a r e  

g i v e n  a n d  t e r m s  o f  t r a d e  a r e  f ixed,  s ince t h e  sma l l  c o u n t r y  a s s u m p t i o n  is  

assumed f o r  a l l  sec to rs .  Al l  markets ,  e x c e p t  f o r  t h e  l a b o u r  m a r k e t  f o r  

u n s k i l l e d  b lack  workers ,  a r e  assumed t o  c l e a r  t h r o u g h  pr ices ,  t h e  reason  

f o r  t h i s  b e i n g  t h a t  i n  t h e  l a b o u r  m a r k e t  f o r  u n s k i l l e d  b lack  w o r k e r s  t h e  

r e a l  wage  i s  assumed f i x e d  a n d  u n e m p l o y m e n t  c lea rs  t h e  l a b u o r  m a r k e t .  

Labour  is  assumed t o  b e  p e r f e c t l y  m o b i l e  across sec to rs  f o r  e a c h  labour  

s k i l l  type,  a n d  t h e r e f o r e  t h e r e  is  a  s ing le  n a t i o n - w i d e  w a g e  a t  w h i c h  

e q u i l i b r i u m  can b e  f o u n d  (Jerome, 2004) .  

T h e  a s s u m p t i o n  is  m a d e  t h a t  a l l  househo lds  h a v e  t h e  same u t i l i t y  

f u n c t i o n ,  a l t h o u g h  w i t h  d i f f e r e n t  p a r a m e t e r s .  A m o d i f i e d  ve rs ion  o f  t h e  

S tone-Geary  l i n e a r  e x p e n d i t u r e  sys tem k n o w n  as t h e  e x t e n d e d  l i n e a r  

e x p e n d i t u r e  sys tem (ELES) is  used i n  t h e  mode l .  'Consumer d e m a n d  f o r  

a n y  g o o d  ( i n c l u d i n g  d e m a n d  f o r  sav ings)  has t w o  componen ts :  a  

subs is tence  m i n i m u m  a n d  a  f i x e d  f r a c t i o n  o f  " s u p e r n u m e r a r y  income", o r  

d i sposab le  i n c o m e  less  e x p e n d i t u r e s  o n  a l l  t h e  subs is tence  m i n i m a "  

(Jerome,  2004) .  S imu la t ions  w e r e  d o n e  u s i n g  f o u r  t r a d e  re fo rms ,  t w o  

d i v e r s e  c losu re  ru les ,  t w o  d i v e r s e  assumpt ions  o n  c a p i t a l  m o b i l i t y  a n d  a  

c o m p l e t e  r e m o v a l  o f  a l l  t a r i f f s .  

T h e  r e s u l t s  o b t a i n e d  f r o m  t h e  mode ls '  s i m u l a t i o n s  i n d i c a t e  t h a t  b lack  

S o u t h  A f r i cans  c o u l d  b e n e f i t  f r o m  t r a d e  l i be ra l i sa t ion ,  e v e n  t h o u g h  it 

m i g h t  b e  a t  t h e  expense  o f  w e a l t h i e r  w h i t e  S o u t h  A f r i cans  a n d  t h a t  

i n c o m e  d i s t r i b u t i o n  a m o n g  b lacks c o u l d  worsen,  w h i l e  t h a t  w i t h i n  w h i t e s  

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

e las t i c i t i es ,  w h i c h  m i g h t  have  a  l a r g e  i m p a c t  o n  t h e  o u t c o m e  o f  



s imu la t ions .  T h e y  w e r e  n o t  e s t i m a t e d  economet r i ca l l y ,  b u t  w e r e  based  

o n  i n f o r m e d  j u d g e m e n t .  

Trade and Competit ion Policy: Van Schoor  a n d  B u r r o w s  ( 2 0 0 3 )  t r i e d  

t o  d e v e l o p  a  reasonab ly  c o m p l e x  CGE m o d e l  t h a t  i n c l u d e d  t h e  f e a t u r e s  o f  

i m p e r f e c t  c o m p e t i t i o n  a n d  r e t u r n s  t o  sca le  i n  p r o d u c t i o n .  T h e  m o d e l  was 

based  o n  t h e  s t a n d a r d  I F P R I  m o d e l  ( L o f g r e n  e t  a/ . ,  2001)  a n d  was 

d e v e l o p e d  as a  g e n e r a l - p u r p o s e  m o d e l  f o r  d e v e l o p i n g  c o u n t r i e s  a n d  t h e  

issues a f f e c t i n g  t h e m .  T h e  I F P R I  m o d e l  is  comprehens ive  i n  f e a t u r e s  b u t  

f l e x i b l e  i n  i m p l e m e n t a t i o n ,  a n d  i s  based o n  w i d e l y  accep ted  CGE 

p rac t i ce .  T h u r l o w  a n d  Van Seven te r  (2002)  f i r s t  i m p l e m e n t e d  t h e  m o d e l  

f o r  Sou th  A f r i ca  a n d  t h e i r  1998  SAM a n d  o t h e r  d a t a  (e las t i c i t i es ,  

parameters ,  etc.)  w e r e  used by  Van Schoor  a n d  B u r r o w s  f o r  t h e i r  model ,  

s ince  t h e i r  d a t a  r e a u i r e m e n t s  w e r e  a l m o s t  i d e n t i c a l .  

Van Schoor  a n d  B u r r o w s  ( 2 0 0 3 )  p r e s e n t e d  a  CGE w i t h  i m p e r f e c t  

c o m p e t i t i o n  a n d  r e t u r n s  t o  scale.  They  r e s u l t s  f r o m  t h e i r  s i m u l a t i o n s  

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

f o r  t rade,  such t h a t  t r a d e  c o u l d  h a v e  n e g a t i v e  gains, a l t h o u g h  d e p e n d e n t  

o n  t h e  p a r t i c u l a r  c losu res  chosen.  Genera l ly ,  t h e  ga ins  f r o m  t r a d e  w e r e  

h i g h e r  t h a n  i n  t h e  same m o d e l  w i t h o u t  r e t u r n s  t o  sca le  a n d  i m p e r f e c t  

c o m p e t i t i o n ,  a t  1% o r  l . l O / o ,  d e p e n d i n g  on  t h e  c losu res  chosen, if 

measured  b y  GDP change .  T h e y  a l so  f o u n d  t h a t  w e l f a r e  ga ins  w e r e  m u c h  

h i g h e r  i f  f i r m s  w e r e  a l l o w e d  t o  e n t e r  a n d  e x i t  sec to rs  i n  response  t o  

changes  i n  a v a i l a b i l i t y  o f  economic  p r o f i t s .  T h e  a p p l i c a b i l i t y  o f  t h e i r  

r e s u l t s  was se r ious ly  h a m p e r e d  by  t h e  f a c t  t h a t  m o s t  o f  t h e  u n d e r l y i n g  

d a t a  w e r e  n o t  ava i lab le ,  a n d  consequen t l y  h a d  t o  b e  p r a c t i c a l l y  m a d e  u p .  

Government Spending Programmes: Horr idge,  Parmenter ,  Cameron, 

Jouber t ,  Su leman a n d  De  J o n g h  (1995)  used a  CGE m o d e l  o f  t h e  Sou th  

A f r i c a n  economy ( IDC-GEM) t o  ana lyse  t h e  e f f e c t s  o n  t h e  e c o n o m y  o f  

increases i n  g o v e r n m e n t  spend ing  such as w e r e  a t  t h e  c o r e  o f  t h e  

government ' s  R e c o n s t r u c t i o n  a n d  D e v e l o p m e n t  P rogramme.  T h e  ana lys i s  

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

t h e  p r o g r a m m e .  



T h e  r e s u l t s  o f  t h e i r  s i m u l a t i o n s  i n d i c a t e d  tha t ,  w i t h  n o  r e s t r a i n t s  o n  

g o v e r n m e n t  b o r r o w i n g  o r  f o r e i g n  bo r row ing ,  a n  inc rease  i n  g o v e r n m e n t  

s p e n d i n g  ( a t  c o n s t a n t  r a t e s )  expanded  GDP a n d  r e a l  c o n s u m p t i o n .  I t  

i n d u c e d  a n  a p p r e c i a t i o n  o f  t h e  r e a l  exchange  ra te ,  wh ich  r e s t r i c t e d  

e x p o r t s  a n d  p r o m o t e d  i m p o r t s .  I n d u s t r i e s  p r o d u c i n g  n o n - t r a d e d  goods,  

espec ia l l y  f o r  g o v e r n m e n t  demands,  e x p a n d e d  r e l a t i v e  t o  e x p o r t  a n d  

i m p o r t - c o m p e t i n g  sec to rs .  The  r e s u l t s  a l so  showed  t h a t  p rov inces  w h i c h  

w e r e  d e p e n d a n t  o n  e x p o r t  sectors,  t e n d e d  t o  l ose  shares i n  GDP, un less  

as  i n  t h e  case o f  t h e  t h e n  N o r t h e r n  T ransvaa l  t h e y  h a d  r e l a t i v e l y  l a r g e  

shares o f  g o v e r n m e n t  i n d u s t r i e s .  The  i n c o m e - d i s t r i b u t i o n  e f f e c t s  w e r e  

a l s o  f o u n d  t o  b e  sma l l .  

T h e  r e s u l t  showed  f u r t h e r  t h a t  w i t h  a  c o n s t r a i n t  o n  f o r e i g n  b o r r o w i n g ,  

a n y  inc rease  i n  g o v e r n m e n t  spend ing  n o t  f i n a n c e d  b y  t a x a t i o n  c r o w d e d  

o u t  p r i v a t e  i n v e s t m e n t .  P r i va te  i n v e s t m e n t  was  r e l a t i v e l y  i m p o r t -  

i n t e n s i v e  i m p l y i n g  t h a t  a n  a p p r e c i a t i o n  o f  t h e  r e a l  exchange  r a t e  w o u l d  

b e  r e q u i r e d  t o  p r e s e r v e  t r a d e  ba lance.  

Poverty and Income Distr ibution: Compared  t o  t h e  r e s t  o f  t h e  wor ld ,  

S o u t h  A f r i c a  has a m o n g s t  t h e  m o s t  skewed  d i s t r i b u t i o n  o f  i n c o m e  a n d  

weal th ,  w h i c h  c o u l d  b e  a t t r i b u t e d  t o  severa l  decades o f  a p a r t h e i d .  As 

s h o w n  b y  t h e  W o r l d  Bank (2000) ,  a b o u t  13 p e r c e n t  o f  t h e  p o p u l a t i o n  

e x p e r i e n c e  " f i r s t  w o r l d "  cond i t i ons ,  w i t h  access t o  educat ion,  l o w  i n f a n t  

m o r t a l i t y  ra tes ,  a n d  m i n i m a l  p o v e r t y  w h i l e  a r o u n d  53  p e r c e n t  o f  t h e  

p o p u l a t i o n ,  h a l f  o f  w h i c h  h a v e  less  t h a n  a  p r i m a r y  schoo l  educat ion,  l i v e  

i n  ' t h i r d  w o r l d "  cond i t i ons ,  s u f f e r  f r o m  c h r o n i c  m a l n u t r i t i o n  a n d  m a x i m a l  

p o v e r t y .  The  g r e a t e r  n u m b e r  o f  Sou th  A f r i c a n  househo lds  exper ience  

o u t r i g h t  p o v e r t y  a n d  c o n t i n u i n g  v u l n e r a b i l i t y  t o  b e i n g  p o o r .  Desp i te  t h i s  

b l e a k  ou t look ,  t h e r e  a r e  o n l y  a  f e w  m o d e l s  t h a t  e x p l i c i t l y  m o d e l  p o v e r t y  

s i t u a t i o n s .  T h e  n o t a b l e  excep t ions  a r e  t h e  CGE mode ls  by  Naude  a n d  

Coetzee (2004)  a n d  Humphreys  (2000) .  

T h e  p a p e r  b y  Naude  a n d  Coetzee (2004)  d r a w s  o n  a  CGE m o d e l  t o  

e v a l u a t e  t h e  e x t e n t  a n d  causes o f  i ncome i n e q u a l i t y  i n  Sou th  A f r i ca  a f t e r  

1994.  They  e x t e n d  t h e  CGE-model l ing  a p p r o a c h  i n  Sou th  A f r i ca  b y  

i n c o r p o r a t i n g  dynamics  i n t o  t h e  c o m p a r a t i v e  s t a t i c  CGE m o d e l  used by  



t h e  I n d u s t r i a l  D e v e l o p m e n t  C o r p o r a t i o n  o f  S o u t h  Af r ica .  T h e  1995  SAM 

f o r  S o u t h  A f r i ca  deve loped  b y  DRI-WEFA SA (Pty)  L td .  ( n o w  G loba l  

I n s i g h t  S o u t h e r n  A f r i ca )  was  used as  database.  

Naude  a n d  Coetzee (2004)  d e t e r m i n e d  t h a t  t h e  l a b o u r  m a r k e t  is  a  

b r o a d c a s t  i n s t r u m e n t  t h r o u g h  w h i c h  g l o b a l i s a t i o n  induces  h i g h e r  

i n e q u a l i t y  t h r o u g h  t e c h n o l o g i c a l  changes, h i g h e r  u n e m p l o y m e n t  a n d  less  

wage  i n c o m e  t o w a r d s  p o o r e r / u n s k i l l e d  househo lds .  T h e  l a b o u r  m a r k e t  

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

( t h e  d e m a n d  f o r  h i g h  s k i l l e d  l a b o u r  o u t s t r i p p i n g  t h e  supply) ,  d y n a m i c  

i n e f f i c i e n c y  ( t h e  q u a l i t y  o f  t h e  Sou th  A f r i c a n  l a b o u r  f o r c e  m a y  b e  

d e c l i n i n g  i n  r e l a t i v e  t e r m s )  a n d  a  d e f i c i e n c y  o f  soc ia l  j u s t i c e  a n d  sense 

o f  e q u i t y .  I n  a n  e ra  o f  g l o b a l i s a t i o n  a l l  o f  t h e s e  f a i l u r e s  o r  i n e f f i c i e n c i e s  

a d v o c a t e  t h e  i m p o r t a n c e  o f  l a b o u r  m a r k e t  a n d  h u m a n  r e s o u r c e  

d e v e l o p m e n t  po l i c ies  as a n  answer  t o w a r d s  t h e  inequa l i t y ,  u n e m p l o y m e n t  

a n d  l o w  g r o w t h  exper ienced  b y  S o u t h  Af r ica .  

Naude  a n d  Coetzee (2004)  s t a t e d  t h a t  " I n  S o u t h  Afr ica,  t h e  e l i m i n a t i o n  

o f  r a c i a l  d i s c r i m i n a t i o n  a n d  u n i o n i s a t i o n  h a d  reduced  wage  inequa l i t y ,  

a l t h o u g h  t h e  l a t t e r  h a d  t h r o u g h  l o w e r i n g  w a g e  e m p l o y m e n t  i n d i r e c t l y  

c o n t r i b u t e d  t o  h i g h e r  h o u s e h o l d  i n e q u a l i t y " .  Fu r the rmore ,  t h e y  f o u n d  

t h a t  wage  s e t t i n g  o u g h t  t o  b e  m a d e  m o r e  f l e x i b l e .  T h e  r e s u l t s  sugges t  

e m p l o y m e n t  g r o w t h  o f  u p  t o  5.3% p e r  a n n u m  on  average  may  b e  r e a l i s e d  

u n d e r  f l e x i b l e  n o m i n a l  wage  r a t e s  ( c o n s t a n t  o r  d e c l i n i n g  r e a l  w a g e  

r a t e s )  a n d  t h a t  some o f  t h e  adverse  u n e m p l o y m e n t  e f f e c t s  d u e  t o  

g l o b a l i s a t i o n  a n d  t e c h n o l o g i c a l  u p g r a d i n g  c o u l d  b e  avo ided .  

T h e  r e s u l t s  f r o m  t h e  CGE m o d e l  used  b y  Naude  a n d  Coetzee ( 2 0 0 4 )  

sugges t  t h a t  t h e  w e l f a r e  o f  A f r i c a n  househo lds  w i l l  b e  a f f e c t e d  

u n f a v o u r a b l y  r e l a t i v e  t o  t h a t  o f  o t h e r  househo lds  b y  o n l y  b e t w e e n  1% 

a n d  3%. T h e y  a l so  f o u n d  t h a t  b y  r a i s i n g  A f r i can  househo lds '  a v e r a g e  

a n n u a l  e x p e n d i t u r e  b y  b e t w e e n  1% a n d  3% o v e r  t h e  n e x t  t h r e e  years  it 

c o u l d  ass is t  i n  s o f t e n i n g  t h e  i n e q u i t a b l e  i m p a c t  o f  t r a d e  l i b e r a l i s a t i o n  i n  

S o u t h  Af r ica .  



By u s i n g  a  CGE m o d e l  o f  a  sma l l  economy,  H u m p h r e y s  (2000)  gave  a n  

appra isa l  o f  t h e  i m p a c t  o f  l i b e r a l i s a t i o n  o n  p o v e r t y  i n  Sou th .  T h e  goods  

i n  t h e  m o d e l  w e r e  a g g r e g a t e d  i n t o  t h r e e  types;  p r i m a r y  goods i n c l u d i n g  

m i n i n g  a n d  a g r i c u l t u r e ;  i n d u s t r i a l  goods a n d  serv ices,  wh ich  m a d e  t h e  

m o d e l  r e s t r i c t i v e  a n d  i t  cons ide red  o n l y  t h r e e  t y p e s  o f  consumers :  n o n  

poor ,  p o o r  a n d  v e r y  poor;  t h r e e  f a c t o r s  ( cap i ta l ,  s k i l l e d  a n d  u n s k i l l e d  

labour ) ;  a n d  n i n e  goods  ( n o n  t raded,  i m p o r t  a n d  e x p o r t  v a r i e t y  f r o m  

e a c h  o f  t h e  t h r e e  sectors) .  Desp i te  t h e  f a c t  t h a t  t h e  m o d e l  a l l o w s  f o r  

u n e m p l o y m e n t ,  i t is  essen t ia l l y  Wal ras ian i n  c h a r a c t e r .  T h e  m o d e l  uses a  

s i m p l i f i e d  v e r s i o n  o f  t h e  1 9 9 2  SAM w i t h  t h e  a d d i t i o n  o f  l a b o u r  m a r k e t  

a n d  t a r i f f  r a t e  d a t a  f r o m  o t h e r  sources.  Mos t  o f  t h e  p a r a m e t e r s  a r e  

b o r r o w e d  f r o m  D e v a r a j a n  and  Van d e r  Mensbrugghe  ( 1 9 9 9 )  a n d  l a b o u r  

m a r k e t  i n f o r m a t i o n  f r o m  K ingdon  a n d  K n i g h t  (1999) .  

T h e  c losu re  r u l e  used  i n  Humphreys '  s i m u l a t i o n s  was  t h e  c lass ica l  

c l o s u r e  r u l e  i n  w h i c h  a  f i x e d  sav ings r a t e  was assumed f o r  g o v e r n m e n t  

a n d  a l l  consumers .  Fu r the rmore ,  t o  ensure  t h a t  t h e  i n v e s t m e n t - s a v i n g s  

i d e n t i t y  held, i n v e s t m e n t  was ad jus ted .  T h e  c i r cumstances  assessed w e r e  

g r a d u a l  r e d u c t i o n  i n  t h e  t a r i f f  r a t e  o f  each  p r o t e c t e d  sec to r  f r o m  25% t o  

0% a n d  a  5% i n c r e m e n t .  T h e  r e s u l t s  f r o m  t h e  s i m u l a t i o n s  i n d i c a t e d  t h a t  

g o v e r n m e n t  r e v e n u e  f e l l  obscure ly  f r o m  l i be ra l i sa t ion ,  w h i c h  r e s u l t e d  i n  

a  g e n e r a l  f a l l  i n  t r a n s f e r s  f r o m  g o v e r n m e n t  t o  househo lds  a n d  a  

r e d u c t i o n  i n  g o v e r n m e n t  serv ices.  The  g r o w t h  o f  r e a l  i n c o m e  o f  n o n - p o o r  

a n d  p o o r  consumers ,  f o r  w h o m  t h e s e  t r a n s f e r s  c o n s t i t u t e  a  sma l l  sha re  

o f  income, was o n l y  somewhat  a f f e c t e d  b y  t h e  d r o p  i n  g o v e r n m e n t  

t r a n s f e r s .  T h e  v e r y  p o o r  o n  t h e  o t h e r  hand,  exper ienced  a  m o r e  

e x t e n s i v e  g r o w t h  o f  r e a l  i n c o m e  as a  r e s u l t  o f  a  d r o p  i n  t a r i f f s  (Jerome, 

2004) .  

4.2.2.3 T h e  Macroeconomic  I m p a c t  o f  t h e  H IV  / A I D S  Pandemic  

T h e  r e a l i s a t i o n  t h a t  S o u t h  A f r i ca  c u r r e n t l y  faces  o n e  o f  t h e  h i g h e s t  H I V  

inc idence  r a t e s  i n  t h e  w o r l d  has f u e l e d  t h e  g r o w t h  i n  research  i n t e r e s t  

o n  t h e  economic  i m p a c t  o f  H I V I A I D S  i n  S o u t h  A f r i ca .  T h e  message 

c o n v e y e d  b y  t h e s e  models,  d e s p i t e  t h e  d i v e r s i t y  o f  t h e  m e t h o d o l o g i c a l  

approaches  t o  m o d e l l i n g  t h e  economic  i m p a c t  o f  HIVIAIDS,  rema ins  t h e  



same:  H I V I A I D S  w i l l  h a v e  m a j o r  c o s t  i m p l i c a t i o n  f o r  Sou th  A f r i ca  i n  

economic ,  soc ia l  a n d  h u m a n  t e r m s .  

These  m o d e l s  h a v e  b e e n  p o r t r a y e d  as h i g h l y  a g g r e g a t e d  a n d  t h e i r  i m p a c t  

l a r g e l y  m a n i f e s t s  i n  t e r m s  o f  t h e  demograph ic  a n d  l a b o u r  m a r k e t  aspec ts  

o f  t h e  H I V I A I D S  ep idemic .  T h e  f o r m a l  sec to r  i s  t h e  m a i n  focus, a n d  t h e n  

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

made.  See ing as  m o s t  A f r i cans  l i v e  a n d  w o r k  i n  t h e  i n f o r m a l  sectors,  i n  

w h i c h  m a r k e t  v a l u a t i o n  o f  a c t i v i t i e s  l eaves  m u c h  t o  b e  des i red,  t h e  

accuracy  a n d  b e l i e v a b i l i t y  o f  t h e  r e s u l t s  a r e  severe ly  a f f e c t e d .  When  

d e m o g r a p h i c  p r o j e c t i o n s  i m p r o v e  a n d  w h e n  m o r e  prec ise a s s u m p t i o n s  

can  b e  d r a w n  f r o m  m i c r o - l e v e l  research,  t h e  d i r e c t  m o d e l l i n g  a p p r o a c h  

m i g h t  become m o r e  a c c u r a t e  (Fo rd  et a / . ,  2002) .  

The World Bank CGE model: A r n d t  a n d  Lewis  (2000)  used a  s u p p l y -  

c o n s t r a i n e d  CGE m o d e l  t o  e s t i m a t e  t h e  macroeconomic  i m p a c t  of 

H I V I A I D S  on  t h e  economy o f  S o u t h  A f r i ca .  T w o  scenar ios,  as  s t a t e d  by  

J e r o m e  (2004) ,  a r e  c r e a t e d  a n d  c o m p a r e d :  'a h y p o t h e t i c a l  "no -A IDS"  

scenar io  i n  w h i c h  t h e  economy c o n t i n u e s  t o  p e r f o r m  as  it has o v e r  t h e  

las t  severa l  years,  a n d  a n  "AIDS"  scenar io  i n  w h i c h  t h e  key  A IDS- re la ted  

f a c t o r s  a f f e c t  economic  pe r fo rmance" .  

T h e  W o r l d  Bank CGE m o d e l  is  a  S o l o w - t y p e  a g g r e g a t e d  (one-sector ,  o n e -  

c lass)  v e r s i o n  o f  t h e  s t a n d a r d  neoc lass ica l  CGE m o d e l  w i t h  p r o f i t -  

m a x i m i s i n g  producers ,  u t i l i t y - m a x i m i s i n g  consumers  a n d  f l e x i b l e  p r i c e s  

t h a t  c lea r  a l l  m a r k e t s  excep t  t h e  m a r k e t  f o r  u n s k i l l e d  labour ,  b u t  lacks  

t h e  d i s t r i b u t i o n a l  r i chness  o f  a  s t a n d a r d  CGE m o d e l .  T h e  m o d e l  is  h i g h l y  

d i s a g g r e g a t e d  w i t h  9 4  p r o d u c t i v e  sectors ,  13 l a b o u r  sk i l l  ca tegor ies  a n d  

2 4  h o u s e h o l d  t y p e s .  " I n s t i t u t i o n a l  r i g i d i t i e s  a n d  i m p e r f e c t  m a r k e t s  a r e  

c a p t u r e d  b y  t h e  exogenous  i m p o s i t i o n  o f  f e a t u r e s  such  as  i m m o b i l e  

s e c t o r a l  c a p i t a l  s tocks,  l a b o r  m a r k e t  segmenta t ion ,  a n d  a  f i x e d  exchange  

ra te ,  w h i c h  t o g e t h e r  l i m i t  a  neoc lass ica l  i n t e r p r e t a t i o n  o f  t h e  mode ls  b u t  

p e r m i t  t h e i r  m o r e  r e a l i s t i c  a p p l i c a t i o n  t o  d e v e l o p i n g  coun t r i es "  (Jerome, 

2004) .  



An a g g r e g a t e d  v e r s i o n  o f  a  1997 SAM e s t i m a t e d  b y  WEFA, n o w  Globa l  

I n s i g h t  S o u t h e r n  Afr ica,  was used t o  d e r i v e  t h e  bas ic  da ta .  Th is  SAM has 

45 p r o d u c t i v e  sectors,  a n d  a  h o u s e h o l d  s t r u c t u r e  d i f f e r e n t i a t e d  b y  

dec i les .  

F o u r t e e n  p r o d u c t i v e  sectors,  i n c l u d i n g  t h r e e  se rv i ce  sec to rs  o f  

i m p o r t a n c e  t o  ana lys i s  o f  HIVJAIDS, a r e  c o n t a i n e d  b y  t h e  mode l :  med ica l  

a n d  h e a l t h  serv ices,  soc ia l  services, a n d  g o v e r n m e n t  serv ices.  T h e r e  a r e  

f i v e  p r i m a r y  f a c t o r s  o f  p r o d u c t i o n  (p ro fess iona l ,  sk i l led ,  a n d  u n s k i l l e d  

labor ,  i n f o r m a l  labor ,  a n d  phys ica l  cap i ta l ) ,  f i v e  h o u s e h o l d  ca tegor ies  

r e p r e s e n t i n g  i n c o m e  d i s t r i b u t i o n  qu in t i l es ,  seven  d i f f e r e n t  g o v e r n m e n t  

f u n c t i o n a l  s p e n d i n g  categor ies ,  a n d  t h r e e  g o v e r n m e n t  i n v e s t m e n t  

ca tegor ies .  Sec to ra l  p r o d u c t i o n  ar ises  f r o m  a t r a n s l o g  p r o d u c t i o n  

f u n c t i o n .  T h i s  p r o d u c t i o n  f u n c t i o n  es tab l i shes  h o w  c a p i t a l  a n d  l a b o u r  

i n p u t s  a r e  c o m b i n e d  t o g e t h e r  i n  g e n e r a t i n g  v a l u e  added.  O u t p u t  i s  t h e n  

p r o d u c e d  a c c o r d i n g  t o  a  f i x e d  c o e f f i c i e n t s  t e c h n o l o g y  by  c o m b i n i n g  t h e  

va lue  added  a g g r e g a t e  w i t h  i n t e r m e d i a t e  ( m a t e r i a l )  i n p u t s .  The  

a s s u m p t i o n  is  m a d e  t h a t  p roducers  max im ise  p r o f i t s ,  w h i c h  i m p l i e s  t h a t  

each  f a c t o r  i s  d e m a n d e d  i n  o r d e r  t h a t  m a r g i n a l  r e v e n u e  p r o d u c t  equa ls  

m a r g i n a l  cos t .  On t h e  o t h e r  hand, f a c t o r s  d o  n o t  need  t o  rece ive  a  

u n i f o r m  w a g e  o r  ' ren ta l "  ( f o r  cap i ta l )  across sectors .  T h e  r a t i o  o f  t h e  

s e c t o r a l  r e t u r n  t o  a  f a c t o r  r e l a t i v e  t o  t h e  e c o n o m y - w i d e  a v e r a g e  r e t u r n  

f o r  t h a t  f a c t o r  is  f i x e d  by  d i s t o r t i n g  t h e  sec to ra l  f a c t o r  m a r k e t .  

T h e  s t a n d a r d  CGE a s s u m p t i o n  t h a t  d o m e s t i c  g o o d s  a r e  i m p e r f e c t  

s u b s t i t u t e s  f o r  t r a d e d  goods  i s  m a i n t a i n e d  o n  t h e  d e m a n d  s ide  o f  t h e  

mode l .  Sec to ra l  e x p o r t s  a r e  c o m b i n e d  us ing  a  c o n s t a n t  e l a s t i c i t y  o f  

t r a n s f o r m a t i o n  (CET) f u n c t i o n  t o  f o r m  d o m e s t i c  o u t p u t  a n d  t h e  

a s s u m p t i o n  is  m a d e  t h a t  sec to ra l  e x p o r t s  a r e  d i f f e r e n t  f r o m  o u t p u t  so ld  

domes t i ca l l y .  I n  b o t h  i n t e r m e d i a t e  a n d  f i n a l  uses, as  w i t h  expor ts ,  

sec to ra l  i m p o r t s  a n d  domes t i ca l l y  p r o d u c e d  goods  a r e  i m p e r f e c t  

s u b s t i t u t e s .  

A r n d t  a n d  Lew is  (2000)  t a k e  a  s i g n i f i c a n t l y  pess im is t i c  v i e w  by  

i n t r o d u c i n g  a  d e c l i n e  i n  t o t a l  f a c t o r  p r o d u c t i v i t y  (TFP) due  t o  t h e  

H I V I A I D S  v i rus ,  i n  a d d i t i o n  t o  t h e  loss  o f  l a b o u r  p r o d u c t i v i t y  r e s u l t i n g  i n  



a n  inc rease  o f  t h e  n e g a t i v e  macroeconomic  i m p a c t .  T o t a l  f a c t o r  

p r o d u c t i v i t y ,  w h i c h  is  a t t r i b u t a b l e  t o  a  c o m b i n a t i o n  o f  t h e  t w o  f a c t o r  

i n p u t s  ( l a b o u r  a n d  cap i ta l )  i n  p roduc t ion ,  r e f e r s  t o  e f f i c i e n c y  

i m p r o v e m e n t s  ( o r  dec l ines) .  T h e  a u t h o r s  j u s t i f y  t h e  inc lus ion  o f  t h i s  

e f f e c t  o n  t h e  g r o u n d s  t h a t  t h e  ep idemic  w i l l  reduce  t h e  p r o d u c t i v i t y  o f  

m a n a g e m e n t  a n d  o f  c a p i t a l  (due  t o  i nc reased  d o w n t i m e  l i n k e d  t o  

absentee ism) ,  as w e l l  as  l o w e r  m o r a l e  a m o n g s t  t h e  work fo rce .  Wh i le  t h i s  

seems conce ivab le ,  u n c e r t a i n t y  r e m a i n s  w h y  t h e y  c o u p l e  t h e  r e d u c t i o n  o f  

TFP g r o w t h  t o  unsk i l led ,  i n  p r e f e r e n c e  t o  ski l led,  labour ,  g i v e n  t h a t  t h e  

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

4.3 C L A S S I F I C A T I O N  O F  CGE M O D E L L I N G  

T h e  su rveyed  CGE mode ls  a r e  summar ised  i n  Tab le  4 . 2  i n  acco rdance  

w i t h  t h e  c lass i f i ca t i on  f r a m e w o r k  i l l u s t r a t e d  i n  f i g u r e  3 . 1  i n  c h a p t e r  3. 

T h e  CGE m o d e l s  a r e  c lass i f i ed  i n  t h r e e  g roups .  The  m a i n  c l a s s i f i c a t i o n  o f  

CGE mode ls  is  based o n  b o t h  t h e  h i s t o r i c a l  d e v e l o p m e n t  o f  CGE 

m o d e l l i n g  a n d  t h e  i n t e n d e d  p u r p o s e  o f  t h e  CGE models .  T h e  second 

c l a s s i f i c a t i o n  is  based o n  t h e  m a i n  t h e o r e t i c a l  d i f f e r e n c e s  i n  t h e  e a r l i e r  

m a c r o  models,  namely,  t h e i r  c losure,  a n d  t h e  t h i r d  c l a s s i f i c a t i o n  o f  CGE 

mode ls  i s  based  o n  t h e  t e c h n i q u e  used t o  d e t e r m i n e  t h e  pa ramete rs .  

T h i s  c l a s s i f i c a t i o n  d i s t i ngu ishes  b e t w e e n  m o d e l s  w i t h  p a r a m e t e r s  based  

o n  t h e  c a l i b r a t i o n  t e c h n i q u e  a n d  mode ls  w i t h  p a r a m e t e r s  based  o n  

e c o n o m e t r i c  e s t i m a t i o n  (Thissen, 1998).  

Table 4 .2  Classif ication of CGE Models for South Af 

Macro ct 

1993, IDC CGE Model, K C  rnm aalstance from im 

Research Group of Monash Wniverstty In Austral, 

1993, A ProvlvMal CGE Model for Sam A m  

Mxen, Maaoeconanic Forecasting Modd 

rules used: (I) Tied labour sum and 

wages together vnth a RmMe exchanpe rate a 

current account wrplw. (U) Fk?d normnal wages 





dosure. The norm 

average normnal w 

short-term dosure. 

Econorne t r  

The follomng gonornetr~c models are not discussed tn thb 1993. A Pmvaiond CGE Model for South Afm,  ~audC and 

study, but are only menboned for reference: Bnxen, MaooeconMnic Forecading Model -t 1988 South 

African SAM of Eckert etal. (1992) IS used as a database. 

1970, University of Pretona Macrowmwnebx Model, de 

Wet and Dreyer, The model s I d e d  to the Unl&d Nabons 1995, D m  Model, Development Bank of Southern Afne 

through the Ropct UNK to long nJn plobal trends In world (DBSA) (built by GbSon and Van Seventer) +The reai 

bade. SAM used IS a flow mam ad e based on me 1988 SAM 

comp~led by Van Seventer etd (1992). The SAM was 

1991. The W W  Bank Maooemnometnc M&& WorM aggregated acexdmg to the he of and updated to 

Bank, The Macmemnomlc Foundabon, World Deve!opment the year 1990 uslng data fmm the June 1992 laue of the 

Report. SARB Quarterly Bulletin. F~nat~lal SAM5 were prepared for 

1989 and 1990, bcdh as stadr mablcs. 

2000, Reserve Bank Emmmetnc Model, SARB. A model 





4.4 SUMMARY 

T h e  f i r s t  mode ls  a r e  s t r o n g l y  i n f l u e n c e d  by  t h e  w o r k  o f  Naude  a n d  B r i x e n  

( 1 9 9 3 )  a n d  t h e  s t r u c t u r a l  a p p r o a c h  t o  CGE mode l l i ng .  Recent  C G E  

models,  though ,  a r e  o n l y  p a r t l y  b u i l t  o n  t h e  m o d e l s  o f  Naude  a n d  Br i xen  

(1993) ,  a l t h o u g h  many  o f  these  m o d e l s  a r e  r e l a t e d .  I t  w o u l d  b e  m o r e  

e f f i c i e n t  if t h e  m o r e  r e c e n t  m o d e l s  w o u l d  use t h e  e x p e r i e n c e  o f  t h e  

p r e v i o u s  decades o f  C G E  mode l l i ng ,  t h o u g h  a n  e x p l a n a t i o n  may  b e  f o u n d  

i n  t h e i r  d i f f e r e n c e  i n  focus, e x t e n d i n g  o n l y  a  sma l l  p a r t  o f  t h e  m o d e l  

such  t h a t  t h e  m o d e l  m a y  answer  t h e  spec i f i c  p o l i c y  q u e s t i o n s  t h e  m o d e l  

b u i l d e r  i n t e n d s  t o  address.  However,  t h e  l a r g e  scale r e s t r u c t u r i n g  o f  



m a n y  o f  t h e  d e v e l o p i n g  economies  causes f u t u r e  research,  n e x t  t o  

i m p r o v i n g  p a r a m e t e r  es t imates,  a l so  t o  focus  o n  a d a p t i n g  t h e  e a r l i e r  

mode ls  f o r  t h e  changes  i n  t h e  economic  s t r u c t u r e .  T h i s  has r e s u l t e d  i n  

v a r i o u s  m o d e l s  t h a t  a r e  s o p h i s t i c a t e d  w i t h  respec t  t o  sma l l  subsect ions,  

w h i l e  s t a y i n g  h i g h l y  s t y l i s e d  i n  o t h e r  p a r t s  o f  t h e  mode l .  

T o  inc rease  t h e  p o l i c y  re levance  o f  t h e  m o d e l  it is  o f  g r e a t  i m p o r t a n c e  

t h a t  t h e  m o d e l s  a r e  a l so  capab le  o f  address ing  m e d i u m -  t o  l o n g - r u n  

p o l i c y  s i m u l a t i o n s .  There fo re ,  it i s  c r u c i a l  t h a t  t h e  r e l i a b i l i t y  o f  

p a r a m e t e r  e s t i m a t e s  inc reases .  

T h i s  e v a l u a t i o n  a l so  makes  c lea r  t h e  f a c t  t h a t  CGE m o d e l s  a r e  

inc reas ing ly  b e i n g  used  f o r  f o r e c a s t i n g  a n d  p o l i c y  ana lys i s  i n  S o u t h  

Af r ica .  T h e  use o f  t h e s e  m o d e l s  b y  po l icymakers ,  w i t h  t h e  e x c e p t i o n  o f  

t h e  Reserve Bank, a r e  h o w e v e r  l i m i t e d  d u e  t o  t h e  supposed  c o m p l e x i t y  

o f  t h e  a n a l y t i c a l  f r a m e w o r k  a n d  t h e  c o n c e n t r a t i o n  o f  c a p a c i t y  w i t h i n  a  

sma l l  n u m b e r  o f  academic  o r  r e l a t e d  i n s t i t u t i o n s  ( T h u r l o w  a n d  Seventer ,  

2002) .  

P rob lems  a r e  posed  r e g a r d i n g  t h e  re levance  a n d  m a i n t e n a n c e  o f  m o s t  o f  

t h e  m o d e l s  d u e  t o  t h e i r  e x t e r n a l  o r i e n t a t i o n .  Mos t  o f  t h e  m o d e l l i n g  

e f fo r t s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  IFPRI /T IPS CGE model ,  have  n o t  b e e n  

r e v i s e d  a n d  u p d a t e d  p e r i o d i c a l l y  i n  l i n e  w i t h  new t h e o r e t i c a l  ins ight ,  

f i n d i n g s  a n d  da ta .  

Po l i cymakers  n e e d  t o  recogn ise  t h a t  macroeconomic  mode ls  p l a y  a n  

i m p o r t a n t  r o l e  i n  p o l i c y  mak ing,  b y  p r o v i d i n g  t h e  means  t o  c a r r y  o u t  

p o l i c y  s imu la t ions ,  e x p l o r e  a l t e r n a t i v e  scenar ios  a n d  t o  u n d e r s t a n d  t h e  

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

assumpt ions  (Mur inde,  1993) .  Macroeconomic  m o d e l l i n g  teams s h o u l d  

s t r i v e  t o  b e  a t  t h e  f r o n t i e r  o f  k n o w l e d g e  i n  m o d e l l i n g  a n d  t h e o r y .  They  

s h o u l d  i n c o r p o r a t e  n e w  i n s i g h t s  n o t a b l y  i n  g a m e  theory ,  supp ly  s ide  

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



The  next  chapter concludes this study and reviews the  main 

recommendations made.  Further research possibilit ies a re  also 

presented.  



CHAPTER 5 

CONCLUSION AND RECOMENDATIONS 

5 .1  I N T R O D U C T I O N  

Why i s  t h e r e  a  n e e d  f o r  c o m p u t a b l e  g e n e r a l  e q u i l i b r i u m  mode ls?  T h e r e  

a r e  a t  l eas t  t h r e e  reasons  t h a t  can  b e  g i v e n  t o  a n s w e r  t h i s  q u e s t i o n :  (a)  

t o  i m p r o v e  t h e  u n d e r s t a n d i n g  o f  economic  processes;  ( b )  t o  make  

p red ic t i ons ;  a n d  (c )  t o  ana lyse  t h e  l i k e l y  e f f e c t s  o f  economic  p o l i c y  a n d  

changes  i n  such  po l i cy .  For p r o b l e m s  o f  t y p e s  ( a )  a n d  (b )  m a n y  mode ls  

h a v e  been  devised,  a n d  a r e  m o r e  o r  less e f f e c t i v e  u n d e r  d i f f e r e n t  

c o n d i t i o n s .  For  p r o b l e m s  o f  t y p e  (c), t h e  cho ices  a r e  m o r e  l i m i t e d  a n d  

t h e  d e c i s i o n  i n  a n y  g i v e n  case depends  on  t h e  t y p e  o f  p o l i c y  b e i n g  

inves t iga ted ,  t h e  n u m b e r  o f  sec to rs  a f fec ted ,  t h e  r e l e v a n t  t i m e  per iod,  

a n d  a  f e w  o t h e r  f a c t o r s .  

CGE m o d e l s  h a v e  p r o v i d e d  e x t r a o r d i n a r y  i n s i g h t s  i n t o  t h e  w o r k i n g  o f  

economies  a n d  o n  t h e  poss ib le  e f f e c t s  o f  macroeconomic  po l ic ies ,  t h u s  

r e p r e s e n t i n g  a  s i g n i f i c a n t  advancement  i n  e c o n o m i c  ana lys is .  However ,  i t 

is  n o t  y e t  c l e a r  h o w  a c c u r a t e  CGE models  a r e  q u a n t i t a t i v e l y ,  p a r t i c u l a r  

i n  compar i son  t o  o t h e r  t y p e s  o f  mode ls  a n d  d e s p i t e  m a n y  success s to r ies  

i n  t h e  f i e l d  o f  CGE mode l l i ng ,  t h e r e  is  a  n e e d  f o r  s o m e t h i n g  more .  

I n  t h e  f i r s t  c h a p t e r  i t was asked:  What  is  t h e  s t a t e  o f  c o m p u t a b l e  

g e n e r a l  e q u i l i b r i u m  m o d e l l i n g  (CGEM) i n  Sou th  A f r i ca  a f t e r  m o r e  t h a n  a  

decade  o f  g r o w t h  and  d e v e l o p m e n t  a n d  w h a t  i s  t h e  way  f o r w a r d ?  I n  

t r y i n g  t o  answer  t h e s e  quest ions,  many  issues h a v e  come t o  l i g h t .  One is  

t h a t ,  d e s p i t e  a l l  t h e  c r i t i c i s m s  a n d  l i m i t a t i o n s  o f  CGE models ,  t h e y  a r e  

b e c o m i n g  m o r e  w i d e l y  used b y  po l i cymakers  a n d  academics  i n  p o l i c y  

ana lys i s  a n d  p r o v i d e  u n i q u e  i n s i g h t s  i n t o  t h e  w o r k i n g  o f  economies  a n d  

o n  t h e  poss ib le  e f f e c t s  o f  macroeconomic  po l i c ies .  Yet, a  g r e a t  d e a l  

r e m a i n s  t o  b e  d o n e  f o r  CGE m o d e l s  t o  m o v e  b e y o n d  s imp ly  p r o v i d i n g  new 

i n s i g h t s  t o  p l a y i n g  m o r e  o f  a  r o l e  i n  p o l i c y m a k i n g .  



Since bu i l d ing ,  app ly ing,  eva lua t ing ,  a n d  m a i n t a i n i n g  a  CGE m o d e l  o f  a n  

e c o n o m y  is  such a  l a r g e  r e s p o n s i b i l i t y  a n d  t i m e  consuming,  o n l y  

f r a c t i o n s  o f  i n d i v i d u a l  ca ree rs  h a v e  been  d e v o t e d  t o  t h e  e f f o r t .  

I n s t i t u t i o n a l  e f f o r t  a n d  f u n d i n g  m i g h t  b e  requ i red ,  b o t h  f o r  a p p l i c a t i o n  

a n d  t h e o r y .  J o i n t  research  p r o g r a m m e s  o f  model le rs ,  economet r i c ians ,  

theore t i c ians ,  a n d  c o m p u t a t i o n a l  economis ts  m i g h t  b e  necessary  t o  

s u s t a i n  a n  e f f e c t i v e  l a r g e  scale CGE m o d e l  o f  a n  economy.  

T h e  cho ice  o f  a  s u i t a b l e  m e t h o d o l o g y  f o r  economic  i m p a c t  ana lys i s  must ,  

f o r  t h e s e  reasons,  b e  u n d e r t a k e n  o n  a  case-by-case bas is  a n d  i t  i s  a l so  

i m p o r t a n t  t h a t  t h e  ana lys is  b e  p r e s e n t e d  i n  a  m a n n e r  i n  w h i c h  t h e  

assumpt ions  t h a t  f o r m  t h e  bas is  o f  t h e  r e s u l t s  a r e  c l e a r .  An a c c u r a t e  

appra isa l  s h o u l d  i n c l u d e  s e n s i t i v i t y  ana lys i s  p r o v i d i n g  i n f o r m a t i o n  o n  

h o w  changes i n  t h e  mode ls '  spec i f i ca t i on ,  r e f l e c t i n g  a l t e r n a t e  

assumpt ions,  w o u l d  a f f e c t  t h e  resu l t s .  I f  such  d o c u m e n t a t i o n  is  inc luded,  

i t m a y  b e  t a k e n  as  a  s ign  o f  a  cons ide red  ana lys is .  

Wh i le  t h i s  o n l y  p a r t l y  answers  t h e  posed  ques t ions ,  i t i s  n o w  i m p o r t a n t  

t o  t a k e  a  c lose r  l o o k  a t  t h i s  s t u d y  t o  p r o p e r l y  f o r m u l a t e  a  m o r e  c o m p l e t e  

answer  t o  t h e s e  i m p o r t a n t  ques t ions .  A s u m m a r y  o f  t h i s  s t u d y  i s  g i v e n  i n  

t h e  f o l l o w i n g  sec t ion  a n d  t h e  m a i n  r e c o m m e n d a t i o n s  m a d e  a r e  r e v i e w e d  

i n  sec t ion  3. C e r t a i n  i m p o r t a n t  issues f o r  f u t u r e  research  o n  CGE 

m o d e l l i n g  a r e  summar ised  i n  t h e  c o n c l u d i n g  sec t ion .  

5 .2  SUMMARY 

Many  p o l i c y  issues h a v e  b e e n  addressed  b y  CGEM: t h e y  h a v e  become 

s t a n d a r d  t o o l s  t o  s u p p o r t  economic  p o l i c y  ana lyses i n  d e v e l o p i n g  

c o u n t r i e s  (Bandara,  1991), t h e y  h a v e  p r o v e n  themse lves  t o  b e  f u n c t i o n a l  

i n  desc r ib ing  economic  i n t e r d e p e n d e n c e  a n d  t h e  p r i c e  s t r u c t u r e  o f  a n  

e c o n o m y  (Pyat t ,  1988)  a n d  a r e  f u n c t i o n a l  f o r  ana lys ing  issues such  as 

i n c o m e  r e d i s t r i b u t i o n  a n d  economic  r e s t r u c t u r i n g  ( D e v a r a j a n  e t  d l . ,  

1991) .  CGE mode ls  have, however ,  o n l y  o v e r  t h e  pas t  f i f t e e n  years  

r e c e i v e d  a t t e n t i o n  f r o m  economis ts  i n  Sou th  A f r i ca .  Th is  is  s u r p r i s i n g  i n  

l i g h t  o f  t h e  f a c t  t h a t  CGE m o d e l s  use  a  g e n e r a l  e q u i l i b r i u m  f ramework ,  



r e f l e c t  t h e  feedback  a n d  t r i c k l e  d o w n  e f f e c t s  o f  a n  economic  po l icy ,  use 

a  c o n s i s t e n t  da tabase  a n d  n e e d  d a t a  f o r  o n l y  a  s ing le  year  (Naud6  a n d  

Coetzee,  2004) .  Moreover ,  CGE mode ls  a r e  e x p l i c i t l y  based  o n  t h e o r y  a n d  

can  t h u s  evade  accusa t ions  o f  "da ta  m i n i n g "  o r  'a t h e o r e t i c a l  t ime-se r ies  

ana lys i s "  (Sims, 1980; Hendry,  1980; Darne l l  a n d  Evans, 1990 :113) .  CGE 

m o d e l s  e n a b l e  o n e  t o  p e r f o r m  c o u n t e r f a c t u a l  ana lys is ,  a r e  de te rm in is t i c ,  

d o  n o t  i n c l u d e  e r r o r  t e r m s  a n d  p r o v i d e  a  c o n s i s t e n t  a n d  e m p i r i c a l l y  

r i g o r o u s  f r a m e w o r k  f o r  p o l i c y  ana lys is  a n d  t h e  repercuss ions  o f  p o l i c y  a t  

t h e  m ic roeconomic  l e v e l  (Naude  a n d  Coetzee, 2004) .  

D e s p i t e  t h e s e  advances i n  t h e  f i e l d  o f  CGEM, t h e r e  a r e  a l so  l i m i t a t i o n s .  

One is  t h e  f u n d a m e n t a l l y  s t a t i c  charac te r  o f  t h e  ana lys i s .  Th is  

s h o r t c o m i n g  can  b e  avo ided  b y  a l l o w i n g  economic  a g e n t s  t o  p u r s u e  

i n t e r t e m p o r a l  o p t i m i s a t i o n .  However,  w h i l s t  t h i s  l eads  t o  many  a d d i t i o n a l  

prob lems,  t h e  inc reased  comp lex i t y ,  wh ich  a n  i n t e r t e m p o r a l  f r a m e w o r k  

enta i ls ,  o f t e n  means  t h a t  mode l le rs  face  a  t r a d e - o f f  b e t w e e n  t h e  

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

can  b e  in t roduced ,  and  t h u s  may  d e t r a c t  f r o m  o n e  o f  t h e  m a i n  b e n e f i t s  

o f  CGE mode l l i ng .  I t  is  a l so  n o t  y e t  c lea r  h o w  a c c u r a t e  CGE m o d e l s  a r e  

q u a n t i t a t i v e l y ,  p a r t i c u l a r  i n  compar i son  t o  o t h e r  t y p e s  o f  models .  I s s u e s  

o f  f u n c t i o n a l  fo rm,  e l a s t i c i t y  spec i f i ca t i on ,  c losu re  ru les,  s e n s i t i v i t y  

analysis,  m a r k e t  s t ruc tu re ,  a n d  dynamics  need  t o  b e  e x p l o r e d  f u r t h e r .  I t  

s h o u l d  b e  e x a m i n e d  w h e t h e r  CGE m o d e l s  b e t t e r  e x p l a i n  p a t t e r n s  i n  t h e  

d a t a  t h a n  o t h e r  m o d e l s  a n d  w h y  mode l le rs '  f i n d i n g s  d i f f e r  f r o m  t h o s e  

p r o d u c e d  by  o t h e r  t y p e s  o f  models .  Fu r the rmore ,  issues o f  dynamics  o r  

t i m e - p a t h s  o f  r e l a t i o n s h i p s  i n  a n  economy, s h o u l d  rece ive  m o r e  a t t e n t i o n  

f r o m  CGE m o d e l l e r s  ( I q b a l  a n d  S idd iqu i ,  2001) .  

T h i s  makes  o n e  wonder :  h o w  d o  t h e  r e s u l t s  o f  CGE m o d e l s  d i f f e r  f r o m  

t h o s e  o f  o t h e r  m o d e l s  i n  Sou th  A f r i ca?  I n  o t h e r  words,  d o  CGE m o d e l s  

a d d  va lue?  T h i s  m i g h t  b e  a  q u e s t i o n  f o r  f u r t h e r  a n d / o r  f u t u r e  research .  

Ques t ions  s t i l l  r e m a i n  as  t o  t h e  d y n a m i c  s t a b i l i t y  o f  key  parameters ,  

m a n y  o f  w h i c h  w i l l  h a v e  b e e n  d e t e r m i n i s t i c a l l y  c a l i b r a t e d  g i v e n  t h e  base 

p e r i o d  d a t a s e t  o f  CGE mode ls .  CGE ana lys i s  has i n f l e x i b l e  d a t a  

requ i rements ,  a n d  t h i s  can b e  a  p o t e n t i a l  sou rce  o f  d i f f i c u l t y .  However,  



i t is  b e l i e v e d  t h a t  CGE mode ls  p r o v i d e  a  d e t a i l e d  a n d  c o n s i s t e n t  m o d e  o f  

ana lys i s  w h e r e  p a r t i a l  e q u i l i b r i u m  t o o l s  a r e  i n s u f f i c i e n t l y  comprehens ive .  

T h e  l e v e l  o f  resources  r e q u i r e d  t o  b u i l d  a  CGE m o d e l  is  l i t t l e  m o r e  t h a n  

w o u l d  b e  r e q u i r e d  f o r  a  c a r e f u l  SAM-based ana lys is .  T h e  dec is ion  a b o u t  

w h i c h  t o o l  t o  use  is  now less  c o n s t r a i n e d  b y  ava i l ab le  c o m p u t i n g  

techno logy .  The  m o d e l l e r  can c o n c e n t r a t e  o n  m a t c h i n g  issues w i t h  t h e  

a p p r o p r i a t e  methodo logy ,  r a t h e r  t h a n  b e  f o r c e d  t o  p i ck  a  s imp le r  

m e t h o d o l o g y  because ava i l ab le  s o l u t i o n  a l g o r i t h m s  l i m i t  h i s  o r  he r  a b i l i t y  

t o  f o r m u l a t e  m o r e  r e a l i s t i c  mode ls .  I n d e e d ,  t h e  g a p  b e t w e e n  t h e  

f o r m u l a t i o n  o f  new t h e o r y  a n d  i t s  i m p l e m e n t a t i o n  i n  e m p i r i c a l  m o d e l s  

has  s h o r t e n e d  cons ide rab ly  i n  t h e  p a s t  decade.  

T h e  sc ience  o f  economics  advances t h r o u g h  a n  i n t e r p l a y  a m o n g  new 

theory ,  s t a t i s t i c a l  es t ima t ion ,  a n d  e m p i r i c a l  mode l l i ng .  T h e r e  is  a  

h e a l t h y  t e n s i o n  a m o n g  t h e s e  t h r e e  s t rands  t h a t  is  e v i d e n t  i n  t h e  w o r k  

w i t h i n  CGE models .  I n  t h e  l a s t  decade, e m p i r i c a l  i m p l e m e n t a t i o n  has 

pushed  t h e  l i m i t s  o f  ava i l ab le  t h e o r y  a n d  h a s  m o v e d  s i g n i f i c a n t l y  ahead  

o f  e c o n o m e t r i c  e s t i m a t i o n .  I n  t h e  l a s t  f e w  years, t h e r e  has been  w o r k  t o  

advance  t h e  t h e o r e t i c a l  u n d e r p i n n i n g s  o f  CGE models,  espec ia l l y  i n  t h e  

a reas  o f  t r a d e  a n d  macroeconomics ,  a n d  a l so  t o  i m p r o v e  t h e  s t a t i s t i c a l  

base  f o r  p a r a m e t e r  e s t i m a t i o n .  No  s i n g l e  s t r a n d  has m o n o p o l y  o n  

" c o r r e c t "  ana lys i s  - it is  t h r o u g h  i n t e r p l a y  a m o n g  a l l  t h r e e  t h a t  p rog ress  

is  made.  

Now t h a t  t h e  p o l i c y  issues addressed  b y  CGEM h a v e  b e e n  p r e s e n t e d  a n d  

t h e  l i m i t a t i o n s  t h e r e o f  b r o u g h t  t o  l igh t ,  i t is  n o w  poss ib le  t o  a p p r a i s e  

t h e  CGEM e f f o r t s  o f  t h e  p a s t  f i f t e e n  years  a n d  t o  i n d i c a t e  t h e  way  

f o r w a r d  f o r  CGEM i n  S o u t h  A f r i ca .  

5.3 RECOMMENDATIONS 

Many  o f  t h e  m o d e l s  t h a t  h a v e  been  c o n s t r u c t e d  f o r  Sou th  A f r i ca  b u i l d  o n  

o l d e r  models,  a l t h o u g h  some m o d e l s  h a v e  s t a r t e d  f r o m  scra tch,  e i t h e r  

because o f  t h e i r  i gno rance  o f  t h e  o l d e r  work ,  o r  because o f  t h e  

d i f f e r e n c e  i n  focus  o f  t h e  mode l .  A  f e w  Wa l ras ian  m o d e l s  ex i s t ,  b u t  m o s t  



o f  t h e  mode ls  c o n c e n t r a t e  o n  e i t h e r  f i sca l  po l icy ,  t h e  a g r i c u l t u r a l  sec to r  

o r  t r a d e  l i b e r a l i s a t i o n .  I t  can b e  conc luded  t h a t  t h e  m o d e l  c l o s u r e  a n d  

t h e  p a r a m e t e r s  a r e  i m p o r t a n t  f o r  t h e  o b t a i n e d  resu l t s .  However ,  t h e r e  is  

n o  a g r e e m e n t  a m o n g  mode l ie rs  a b o u t  w h i c h  c l o s u r e  a d e q u a t e l y  desc r ibes  

t h e  Sou th  A f r i c a n  economy.  Th is  m a y  b e  a  consequence  o f  t h e  focus  o f  

t h e  m o d e l  a n d  t h e  t i m e  p e r i o d  u n d e r  i n v e s t i g a t i o n .  

T h e  focus  o f  t h e  m o d e l  a l s o  a f f e c t s  t h e  t y p e  o f  c o u n t r y  spec i f i c  e l e m e n t s  

t h a t  a r e  i n t r o d u c e d .  T o  address  t h e  Sou th  A f r i c a n  e c o n o m y  m a n y  o f  t h e  

m o d e l s  d iscussed i n  c h a p t e r  4  i n c o r p o r a t e  s t r u c t u r a l i s t  f e a t u r e s  such  as 

m a r k u p - p r i c i n g  r u l e s  a n d  excess capac i t y .  The  r e f o r m s  i m p l e m e n t e d  i n  

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

l ead  t o  less s t r i n g e n c y  i n  t h e  Sou th  A f r i c a n  economy a n d  a  m o r e  

neoc lass ica l  m o d e l l i n g  seems, the re fo re ,  a p p r o p r i a t e  (Jerome, 2004) .  

CGE m o d e l s  f o r  S o u t h  A f r i ca  have  c o n t r i b u t e d  t o  p o l i c y m a k i n g  i n  a  

n u m b e r  o f  f ie lds ,  such as  d e v e l o p m e n t  plans, a g r i c u l t u r a l  p rog rammes ,  

t a x  p o l i c y  a n d  i n t e r n a t i o n a l  t rade .  Th is  is  however  s t i l l  r e l a t i v e l y  l im i ted ,  

p r o b a b l y  d u e  t o  t h e  p e r i o d  covered  by  t h e  CGE ana lys i s  ( u s u a l l y  s h o r t  

run) ,  t h e  u n r e l i a b i i i t y  o f  p a r a m e t e r  e s t i m a t e s  o f  t h e  m o d e l  a n d  t h e  

ana lysed  p o l i c y  ques t ions .  Mos t  o f  t h e  CGE m o d e l s  f o r  Sou th  A f r i ca  t h a t  

h a v e  been  d i scussed  cons ide r  o n l y  s h o r t - t e r m  e f f e c t s .  A m o d e l  t h a t  is  

capab le  o f  address ing  m e d i u m  t o  l o n g - r u n  ana lys i s  w i l l  c e r t a i n l y  a d d  t o  

t h e  p o l i c y  re levance  o f  t h e s e  models .  

W i t h  respec t  t o  t h e  d e t e r m i n a t i o n  o f  p a r a m e t e r s  t h e r e  i s  m u c h  r o o m  f o r  

i m p r o v e m e n t .  T h e  p a r a m e t e r s  o f  CGE mode ls  a r e  i n  genera l ,  a n d  a l so  i n  

t h e  p r e s e n t e d  mode ls  f o r  Sou th  Afr ica,  d e r i v e d  f r o m  a c a l i b r a t i o n  

t e c h n i q u e  u s i n g  o n l y  a  SAM. T h e  r e l i a b i l i t y  o f  t h e  r e s u l t i n g  p a r a m e t e r s  is  

q u e s t i o n a b l e  because o f  poss ib le  e x c e p t i o n a l  c i r cumstances  i n  t h e  base  

y e a r  o f  t h e  SAM a n d  t h e  l a r g e  consequences o f  e r r o r s  i n  t h e  d a t a  set, i n  

t e r m s  o f  d e v i a t i o n s  o f  t h e  c a l i b r a t e d  p a r a m e t e r s .  T h e  p rec ise  e f f e c t  o f  

d e v i a t i o n s  i n  t h e  p a r a m e t e r s  f r o m  t h e i r  ' ac tua l '  va lue  d u e  t o  t h e  use o f  

t h e  c a l i b r a t i o n  t e c h n i q u e  on  t h e  r e s u l t s  o f  CGE ana lys i s  is  d i f f i c u l t  t o  

asses. I t  is  n o t  c lea r  w h i c h  v a r i a t i o n s  i n  s i m u l a t i o n  ou tcomes  a r e  

reasonab le  a n d  w h i c h  a r e  n o t .  Fu r the rmore ,  t h e  e x a c t  f o r m u l a t i o n  o f  t h e  



m o d e l  a t  hand, t h e  v a l u e  o f  o t h e r  p a r a m e t e r s  n o t  d e r i v e d  f r o m  t h e  SAM 

a n d  t h e  s ize as w e l l  as t h e  s o r t  o f  p o l i c y  measures  w i l l  l e a d  t o  d i f f e r e n t  

changes  i n  t h e  n o n - l i n e a r  mode l  ou tcomes .  

T h e  t r e m e n d o u s  a m o u n t  o f  w o r k  i n v o l v e d  i n  s y s t e m a t i c a l l y  p e r f o r m i n g  

c o n d i t i o n a l  o r  u n c o n d i t i o n a l  s e n s i t i v i t y  ana lyses o n  l a r g e  sca le  CGE 

mode ls  f o r  e r r o r s  i n  base  year  SAMs has p r e v e n t e d  p e o p l e  f r o m  a c t u a l l y  

p e r f o r m i n g  t h e m  (Harr ison,  Jones, K imbe l l  a n d  Wigle, 1993) .  A f e w  

s tud ies ,  w h i c h  d o  a less comprehens ive  s e n s i t i v i t y  ana lys is ,  show t h a t  a t  

t h e  v e r y  l e a s t  i n i t i a l  c o n d i t i o n s  s i g n i f i c a n t l y  m a t t e r  f o r  CGE ana lys i s  

(Wiese,  1995  a n d  Roberts,  1994) .  Fu r the rmore ,  r e s u l t s  o b t a i n e d  w i t h  

CGE ana lys i s  m i g h t  b e  m o r e  se r ious ly  a f f e c t e d  b y  p a r a m e t e r  e r r o r s  i f  t h e  

p e r i o d  u n d e r  i n v e s t i g a t i o n  increases.  I m p r o v e m e n t  o f  t h e  r e l i a b i l i t y  o f  

p a r a m e t e r  es t imates,  such  t h a t  t h e  d y n a m i c  behav iou r  o f  t h e  m o d e l  

b e t t e r  desc r ibes  t h e  a c t u a l  economic  deve lopments ,  is  t h e r e f o r e  c r u c i a l  

f o r  l o n g  t e r m  CGE ana lys is .  

5.4 THE WAY FORWARD 

5 .4 .1  The way forward  in  general  

Genera l  e q u i l i b r i u m  m o d e l l i n g  has come a l o n g  way  s ince t h e  e a r l y  i n p u t -  

o u t p u t  models .  A c o m b i n a t i o n  o f  advances i n  economic  t h e o r y ,  n u m e r i c a l  

methods,  a n d  c o m p u t e r  t e c h n o l o g y  has m a d e  c o m p u t i n g  e q u i l i b r i u m  

q u a n t i t i e s  a n d  p r i c e s  f o r  a  m u l t i - m a r k e t  e c o n o m y  a r e a l i t y .  Obviously,  as 

soon as a  g e n e r a l  e q u i l i b r i u m  s i m u l a t i o n  m o d e l  can  b e  so lved,  a  

m u l t i t u d e  o f  new p r o b l e m s  can  b e  seen. T h e  t h e o r e t i c a l  l i m i t a t i o n s  o f  

g e n e r a l  e q u i l i b r i u m  s i m u l a t i o n  models,  w h i c h  o n l y  c a p t u r e  f l o w  e q u i l i b r i a  

across marke ts ,  b e c o m e  c l e a r .  O f  t h e  many  d i r e c t i o n s  i n  w h i c h  n e w  

t h e o r e t i c a l  a n d  a p p l i e d  w o r k  is  needed, t h e  f o l l o w i n g  f o u r  areas a r e  a t  

t h e  f o r e f r o n t :  m i c r o - m a c r o  in te rac t ions ,  dynamics ,  uncer ta in ty ,  a n d  

o p t i m i s a t i o n  (Robinson, 1989) .  

For  m i c r o - m a c r o  m o d e l s  t o  b e  a t  a l l  rea l is t ic ,  t h e y  m u s t  i n v o l v e  m i c r o -  

s t r u c t u r a l i s t  f ea tu res .  T h e  ana lys i s  o f  l i n k s  b e t w e e n  m i c r o  m a r k e t s  a n d  

m a c r o  s igna ls  i s  a n  a rea  o f  a c t i v e  research  i n  macroeconomics ,  d r a w i n g  



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

f r a m e w o r k  (Robinson, 1989).  I t  is  cha l l eng ing  t o  i n c o r p o r a t e  such  t h e o r y  

i n t o  CGE m o d e l s  a n d  research  i n  t h i s  d i r e c t i o n  w i t h  a n a l y t i c  a n d  s t y l i s e d  

m o d e l s  m i g h t  b e  w o r t h w h i l e .  

T h e  c o m m o n  p r o b l e m  w i t h  dynamics  l i es  i n  t h e  f a c t  t h a t  e x i s t i n g  t h e o r y  

is  i n a d e q u a t e  t o  g i v e  t h e  CGE mode l le r  m u c h  gu idance .  T h e r e  a r e  

n u m e r o u s  t h e o r e t i c a l  i ssues invo lved,  i n c l u d i n g  q u e s t i o n s  o f  m i c r o - m a c r o  

l i nkages  a n d  s h o r t - r u n  ve rsus  l o n g - r u n  a d j u s t m e n t  m e c h a n i s m s .  As 

s t a t e d  b y  Rob inson  (1989 :936)  "Theor i s t s  t e n d  t o  ana lyse  dynamics  i n  

t e r m s  o f  i n t e r t e m p o r a l  o p t i m a l i t y  a n d  s teady  s ta te ,  a n d  c r i t i c i s i n g  CGE 

mode ls  because t h e y  d o  n o t  r e f l e c t  w h a t  i s  a c k n o w l e d g e d  t o  b e  

u n r e a l i s t i c  t h e o r y  d e a l i n g  w i t h  l o n g - r u n  s teady  s t a t e s  a n d  e x p e c t a t i o n s  

is  n e i t h e r  i l l u m i n a t i n g  n o r  h e l p f u l .  T h e  cha l lenge  is  as m u c h  t o  t h e o r i s t s  

as  i t  i s  t o  CGE model le rs" .  

Cur rent ly ,  t h e r e  i s  some w o r k  b e i n g  done  t o  i n c o r p o r a t e  u n c e r t a i n t y  i n  

CGE m o d e l s  o f  w h i c h  t h e  resu l ts ,  so  far, a r e  sugges t i ve  a n d  i n d i c a t e  t h a t  

t h e r e  a r e  p o t e n t i a l  p a y o f f s  t o  f u r t h e r  research  (Robinson, 1989) .  One 

a p p r o a c h  f o r  o p t i m i s a t i o n  t h a t  l ooks  f r u i t f u l  i s  t o  e x t e n d  t o  CGE m o d e l s  

t h e  m e t h o d s  t h a t  h a v e  b e e n  used  f o r  s o m e t i m e  t o  e x p l o r e  q u e s t i o n s  o f  

o p t i m a l  p o l i c y  cho ice  i n  macro  mode ls .  O p t i m i s a t i o n  mode ls  m i g h t  b e  

used  t o  e x p l o r e  "second bes t "  p o l i c y  ques t ions .  For  example ,  Dahl, 

D e v a r a j a n  a n d  Van W i j n b e r g e n  ( 1 9 8 6 )  use a  CGE m o d e l  o f  Cameroon  

imbedded  w i t h i n  a n  o p t i m i s i n g  f r a m e w o r k .  The  r e s u l t s  o f  t h e i r  m o d e l  

i n d i c a t e  t h a t  t h e  c o m m o n  r u l e  o f  t h u m b  t h a t  c o u n t r i e s  s h o u l d  seek t o  

equa l i se  t a r i f f s  across sectors ,  may  o f t e n  b e  i n c o r r e c t .  

Now t h a t  t h e r e  is  a  u n i v e r s a l  idea o f  w h e r e  CGEM is  progress ing,  i t is  

n o w  poss ib le  t o  i n d i c a t e  t h e  way  f o r w a r d  f o r  CGEM i n  Sou th  A f r i ca .  

5.4.2 The way forward  in South Africa 

D u r i n g  t h e  l a s t  f i f t e e n  years  m a n y  CGE m o d e l s  h a v e  b e e n  d e v e l o p e d  f o r  

use i n  p o l i c y  ana lys i s  i n  Sou th  Af r ica .  T h e  d e v e l o p m e n t  o f  t h e s e  m o d e l s  

has been  s low a n d  is  h a m p e r e d  b y  t h e  a v a i l a b i l i t y  o f  da ta .  T h e  way  



f o r w a r d  f o r  CGEM i n  Sou th  A f r i ca  is  t h u s  o f  g r e a t  i m p o r t a n c e  f o r  f u t u r e  

mode l le rs  a n d  f o r  t h e  CGE f i e l d  o f  s tudy .  T h e r e  are, the re fo re ,  a  few 

issues t h a t  m i g h t  n e e d  a t t e n t i o n  t o  ensure  t h e  success o f  CGEM i n  S o u t h  

Af r ica .  

I m p r o v i n g  p a r a m e t e r  es t ima tes  m i g h t  b e  c r u c i a l  f o r  a l l  CGE mode ls  t h a t  

i n t e n d  t o  ana lyse  t h e  e f f e c t  o f  p o l i c y  measures  f o r  a  l o n g e r  t i m e  p e r i o d  

t h a n  o n l y  one  year .  T h e  e x p l i c i t  m o d e l l i n g  o f  p o l i c y  issues i n  CGE m o d e l s  

is  needed  t o  p e r f o r m  p o l i c y  ana lys is  o n  n o m i n a l  va r iab les  a n d  t o  

a d e q u a t e l y  desc r ibe  t h e  i n t e r a c t i o n  b e t w e e n  t h e  d i f f e r e n t  sec to rs  o f  a n  

economy.  I n  t h e  e x i s t i n g  CGE m o d e l s  i n  S o u t h  Afr ica,  t h e  u n r e l i a b i l i t y  o f  

t h e  p a r a m e t e r s  is  a  m a j o r  s h o r t c o m i n g .  Fu r the rmore ,  it m i g h t  b e  sa id  

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

r o l e  o n  t h e  d i f f e r e n t  markets ,  CGE mode ls  h a r d l y  pay  a n y  a t t e n t i o n  t o  

t h i s  r o l e  o f  expec ta t ions .  Thus,  b o t h  t h e  i m p r o v e m e n t  o f  p a r a m e t e r  

e s t i m a t e s  a n d  t h e  r o l e  o f  e x p e c t a t i o n s  i n  CGE mode ls  a r e  i m p o r t a n t  

issues f o r  f u t u r e  research  i n  Sou th  A f r i ca .  

I t  can n o w  b e  sa id  t h a t  t h e  p e n d u l u m  has s w u n g  t o  i t s  h i g h e s t  p o i n t  i n  

t h i s  respect ,  a n d  is  n o w  c o m m e n c i n g  t o  r e t u r n .  So pe rhaps  t h e  

i n t e l l e c t u a l  d a n g e r  o f  t h e  f u t u r e  w i l l  b e  t h a t  model le rs ,  i n s t e a d  o f  

b e l i e v i n g  t o o  l i t t l e ,  w i l l  be l i eve  t o o  much .  Now is  t h e  t i m e  f o r  l a y i n g  a  

c a r e f u l  f o u n d a t i o n .  G E  research,  CGE mode l l i ng ,  a n d  t h e  l ike, a r e  n o t  

e n d s  i n  themselves,  t h e y  a r e  o n l y  means  t o  a n  end.  A t  t h e  p r e s e n t  s tage  

o f  though t ,  t h e  t r a n s i t i o n  f r o m  t h e  o l d  t o  t h e  new, f r o m  t h e  l o w e r  t o  t h e  

h igher ,  i t is  i n e v i t a b l e  t h a t  t h e i r  m u s t  b e  c o n f u s i o n  a n d  d o u b t ,  a n d  t h e  

e a r n e s t  t h i n k e r  m u s t  b e  p r e p a r e d  t o  suspend  j u d g e m e n t  o n  m a n y  po in ts ;  

b u t  a t  a  l a t e r  stage, w h e n  a l l  n e g a t i v i t y ,  e r r o r  a n d  lack  o f  

unders tand ing ,  now so c lose ly  c o n n e c t e d  w i t h  CGE research  i n  i t s  

va r ious  branches,  w i l l  have  been  s w e p t  away, " t r u t h "  w i l l  e m e r g e  a n d  l i f t  

t h i s  f i e l d  i n t o  a  p u r e r  a n d  l o f t i e r  c o n c e p t i o n  o f  t h e  m o d e l l i n g  un ive rse .  
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