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Macroeconomic Modell ing:  From System-of-
equat ions to  Dynamic Stochast ic Equil ibrium 

A South African Example 
 

 
1 .  Introduct ion 
 

“ One  o f  the  f unc t ions  o f  theo re t i ca l  econ omics  i s  to  pro v ide  
fu l l y  a r t ic u la ted ,  a r t i f i c ia l  economic  sys tems  tha t can  serve  
as  labo ra to r ies  i n  wh ich  po l i c ies  t ha t  wou ld  be  
p roh ib i t i ve l y  ex pen s ive  to  expe r ime nt  w i t h  in  ac tual  
economies  can  be  tes ted  a t  much lower  c os t…”  
        Lucas  (198 0)  

 
Th is  s ta temen t  by  R obe r t  Lucas  nea t l y  summa r i ze s  one  o f  t he  

ch ie f  a ims o f  the  theore t i ca l  econo mis t ,  t ha t  i s  to c rea te  a  s tab le ,  
a r t i f i c ia l  econ omic  system in  wh ich  ex pe r imen ts  can be  co nduc ted 
and the or ies  tes ted  in  a  c losed  en v i ronment ,  remov ing the  
poss ib i l i t y  o f  caus ing  i r re vers ib le  damage to  the  ac tua l  economy.  

I t  i s ,  howe ver ,  exac t l y  th i s  func t ion  o f  the  theoret i ca l  
economis t  tha t  has  lead  t o  much  d issen t  and  d isag reemen t  among 
economis ts .  Ho w does  one  abs t rac t  f rom rea l i t y  t o  cons t ruc t  a  
s imple  ye t  power fu l  a nd  robus t  a r t i f i c ia l  econ omic  sys tem?  Is  i t  
p rude nt  o r  e ven  poss ib le  t o  d raw use fu l  conc lu s i on s f rom  po l i cy  
expe r ime nts  u t i l i z i ng  these  mode ls?  Recent  de ve lopments  in  
mac roeconomic  mode l l i ng  ha ve  b rough t  us  much  c l ose r to  f i nd ing 
a  sa t i s f ac to ry  answer  t o  the  fo rmer  a nd  an,  a lbe i t  t en ta t i ve  a t  
p resent ,  a f f i rma t i ve  answe r  to  the  la t te r .  

In  h i s  2004  Nobe l  p r i ze  lec tu re ,  Edwa rd  Pre sco t t  desc r i bes  
wha t  he  ca l l s  a  “ revo lu t i on  i n  mac roecono mics” ,  a  tra ns fo rma t i on  
i n  me thod o lo gy  t ha t  f undamenta l l y  c hanged  the  way  in  wh ich  we 
v i ew  mac roeconom ic  que s t i ons .  P r i o r  to  t h i s  t ra ns forma t ion ,  
mac roeconomic s  was  la rge ly  seen  as  a  sepa ra te  f ie ld o f  s t udy  
re la t i ve  to  o ther  econo mic  d i sc ip l i nes  a nd  t he re  was  be l ieved  to  
be  l i t t l e  hope  o f  i n te gra t ing  macroeconomics  w i th  the  res t  o f  
economics .  Th is  w ide ly  he ld  v ie w p roved to  be  u nfounded.   

Be fo re  the  t ra ns fo rma t ion ,  mac roeco nomic  mode ls  we re  
sys tems  o f  equa t i ons  t ha t  de te rm ined  outcomes  base d on  cu r ren t  
po l i cy  ac t ions ,  s tochas t ic  shocks  an d  va lues  o f  certa in  
p rede te rm ined  va r iab les .  These  were  t he  so-ca l led  mac ro-
economet r i c  mode ls  (MEM)1 wh ich  a re  de f ined  as  “a  se t  o f  
be ha v ioura l  e quat ions…represen t i ng  t he  s t ruc tu re  and  ope ra t ions  
o f  an  econ omy,  i n  p r inc ip le  based  up on  the  behav iour  o f  
i nd i v idua l  economic  a gent s . ”  (Va la dkha n i ,  20 04:  266)    

The bas ic  ma themat i ca l  s t ruc tu re  o f  such a  mode l  i s g i ven  b y 
 
          ),,(1 tttt uxfx ε=+

           (1 )  

                                                
1 Based on the recommendations of the Cowles Commission after World War II  
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whe re  x t  rep resen ts  the  s ta te  o r  po s i t io n  o f  the  dynamic  sys tem 

a t  t he  be g in n in g  o f  pe r iod  t ,  u t   re presents  the  con t ro l  o r  po l i cy 
va r iab les  a nd  ε t  rep resents  the  s tochas t i c  shock  (Presc ot t ,  2004 :  
372) .  Each  equa t i on  in  the  sys tem i s  de term ined  up  t o  a  se t  o f  
pa rame te rs ,  a f te r  wh ich  s ta t is t ica l  es t imat io n  techn iques  a re  used 
t o  se lec t  the  pa ramete rs  t ha t  de f ine  the  fu nc t i on  f .  I n  th is  
t rad i t i on ,  success  in  mac roeco nomics  was  to  have  your  equa t i on  
i nco rpo ra ted  i n to  the  mac ro -econometr i c  mode ls  o f  the  t ime.  

C r i t i c ism  o f  the  sys tem-of -equa t ion  approach  and  i ts  Keyn es ian  
underp inn in gs ,  spea rheaded  b y  economis ts  such  as  Robe r t  Lucas  
(1976) ,  Chr i s tophe r  S ims  (1980 )  and  M i l t on  F r iedman (1968) ,  l ed  
t o  a  re vo lu t ion  in  the  me th odo logy  o f  macroeconomic mode l l i ng .  
Th is  re vo lu t ion ,  g rea t l y  in f l uenced  by  t he  19 82  Kydlan d  and 
Presco t t  pa per ,  “T ime  to  bu i ld  and  Aggre ga te  F luc tua t i ons” ,  
s ign i f ied  a  d rama t ic  pa rad igm sh i f t  conce rn i ng  macroeconomic  
mode l l i n g.  The  “nex t  gene ra t ion”  mode l s  tha t  came in to  be ing  as  
a  resu l t  o f  th i s  re vo lu t io n  wen t  f a r  in  reconc i l i ng 
mac roeconomic s  w i t h  the  re s t  o f  the  economics  un i verse .     

The  res t  o f  t h i s  essa y w i l l  f oc us  spec i f i ca l l y  on  these  ne x t  
ge ne ra t i on  mode ls  t ha t  came in to  be ing  a f te r  the  “me thod o lo gica l  
re vo lu t ion” ,  spearheaded  by  economis ts  such  a s  Rober t  Luca s ,  
F inn  Kyd lan d,  Edward  Presc ot t ,  Chr i s tophe r  S ims  and Cha r les  
P losser .  More  c onc re te l y ,  Sec t ion  2  w i l l  e labora te  on  the  
c r i t i c i sm o f  the  t ra d i t i ona l  sys tem-o f -equa t i ons  approach  
( f ocus ing  on the  Lucas  and S ims  c r i t iq ues)  wh i le  Sec t ion  3  
p ro v ides  a n  o ve rv iew  o f  the  ma in  cha rac te r i s t ics  o f the  nex t  
ge ne ra t i on  mode ls  resu l t i ng f rom th is  c r i t i c i sm.  

Sec t ion  4  then  p rov ides  an  empi r i ca l  examp le  where  a  New 
Ke ynes ia n   mode l  (as  an  exa mp le  o f  a  DSGE mode l )  w ith  
p roduc t i v i t y  sh ocks  and  cos t -pu sh  shocks  is  es t ima ted f o r  the  
South  Af r ican  economy.  The  a im o f  th i s  exe rc i se  i s  to  de term ine  
t o  wha t  ex ten t  cos t -p ush  shocks ,  ra the r  t han  p roduct i v i t y  shocks ,  
a re  respo ns ib le  fo r  f luc tua t ions  in  ou tpu t ,  i n f l a t io n  and  the  
nomina l  i n te res t  ra te .  Th is  sec t ion  re l ie s  heav i l y  on  t he  work  
done by  Pete r  I re land  (200 2,  20 04)  and  the  New Keynes ian  mode l  
wh ich  i s  f i t ted  i s  take n  f rom  h i s  2004  pape r ,  “ Techno logy  Sho cks  
i n  the  New Keynes ian mode l ” .    

La s t l y ,  Sec t ion  5  p rov i des  so me conc lud ing comments.          
 
2.  Crit i c ism of  the Tradi t ional  Approach 
 

I n  the  la te  1960 ’s  and  19 70 ’s  c racks  bega n  to  ap pear  in  t he  
Ke ynes ia n  foundat ions  o f  the  t rad i t i ona l  sys tem-o f -equa t i ons  
approach  (D iebo ld ,  1997 :  4 ) .  I n te l lec tua ls  became inc reas ing l y  
d i ssa t i s f ied  w i th  t he  lack  o f  m ic roec onomic  f ounda tions  in  
Ke ynes ia n  macroeconomics ,  t he  a d  h o c  t rea tmen t  o f  s t i cky  p r ices  
and  expec ta t i ons  and,  more  f undamenta l l y ,  the  ove ral l  mode l l i ng 
approach  embodied  by  t he  Keynes ian  t rad i t i on .  The  trad i t i ona l  
approach  concen t ra te d  on  t he  e s t ima t ion  o f  pa rameters  in  
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equa t i ons  t ha t  re presen ted  ad  hoc  dec is ion  ru les  ( f o r  example  
consumpt ion  f unc t ions,  in vestment  f unc t io n ,  e tc ) ,  as  oppose d  to  
es t ima t ing  more  fu ndame nta l  paramete rs  suc h as  tas tes  and 
tec hno logy  (D iebo ld ,  1 997:  5 ) .  These c racks  be gan  to  w iden  as  
t he  economic  f ac ts  o f  t he  1970 ’s  became appa rent  and  i t  became 
c lea r  tha t  Ke ynes ia n economic s  was  una b le  to  sa t i s fac to r i l y  
accoun t  fo r  the se  fac ts .   

The  res t  o f  th i s  sec t io n  exa mine s  the  two  most  re nowned 
c r i t i ques  o f  the  t rad i t i ona l  mac roeconom ic  mode l l i ng  app roach ,  
t he  Lucas  Cr i t iq ue  (Lucas ,  19 76)  and  the  S ims  Cr i t ique  (S ims,  
1980) .        

 
One  o f  the  key  assumpt ions  o f  t he  sys tem-o f -equa t i ons  

approach  i s  tha t  the  equat io ns  c ha rac te r i z in g  the  mode l  a re  p o l ic y  
i nva r ia n t  (P resco t t ,  20 04) .  Th i s  imp l ies  t ha t  any  cha nge  i n  po l ic y 
wou ld  have  n o  e f fec t  on  the  func t iona l  f o rm  o f  the  equa t ions ,  
pa rame te r  va lues  o r  the  behaviou ra l  aspec ts  o f  t he  mode l .  Th is  
ra the r  s t rong  a ssumpt i on  came under  sha rp  c r i t i c ism i n  a  pape r  by 
Rober t  Lucas  in  1976 ,  wh ich  has  s ince  become  known  as  the  
Lucas  Cr i t i que2.   

The  pape r  s ta te s  tha t  i t  i s  un rea l i s t i c  to  assume tha t  po l i cy 
chan ges  w i l l  i n  no  way a f fec t  the  f unc t ion ing  o f  t he  economy a nd 
t he  beha v iou ra l  re la t ionsh ips  be tween  agent s .  Fo rward - look ing 
a gen ts  w i l l  mod i f y  the i r  ex pec ta t ions  fo l l ow in g a  change  in  
po l i cy ,  and  th is  in  t u rn  w i l l  a f fec t  and  a l te r  a gents ’  beha v iour .  
Lucas  a l le ged  t ha t  “any  c hange  in  po l ic y  w i l l  s ys temat i ca l l y  a l te r  
t he  s t ruc ture  o f  economet r i c  mode ls ”  (Lu cas ,  1976 :  41 )  a nd  thus  
i t  i s  a  fa l l ac y  o f  the  f i rs t  de gree  t o  e va lua te  p o lic y  imp l i ca t i ons  
and  po l i cy  e f fec t i vene ss  wh i le  assumin g tha t  beha v iou ra l  
re la t ion sh ip s  w i l l  rema in  unaf fec ted  by  the  po l ic y chan ge.   

Accord ing  t o  Lucas ,  t he  assumpt ion  o f  po l ic y  in va r iance  i n  a  
sys tem-of -eq ua t i ons  approach  is  i nc ons i s ten t  w i t h  dynamic  
economic  theory  and  the re fo re  th i s  ap proach  i s  f un dame nta l l y  
f l awed,  a t  leas t  as  fa r  a s  re sea rc h ing  p o l ic y  imp l ica t ions  is  
concerned  (Lucas ,  1 976) .  Mode l  based  po l ic y  e va lua tio n  requ i red  
mode ls  w i th  pa ramete rs  t ha t  we re  insens i t i ve  t o  po li cy  cha nges ,  
wh ich  imp l ie d  the  co ns t ruc t i on  o f  mode ls  whe re  fo rward - l ook ing  
expec ta t i ons  were  endogen ised  a nd  “dee p  pa ramete rs ” es t ima ted 
sepa ra te l y  (Pagan,  20 03) .  Two  o f  the  mode l s  under  inspec t i on  in  
t he  subseq uen t  sec t i on  (Rea l  B us iness  Cyc le  and  Dynamic  
S tochas t ic  Genera l  Equ i l i b r i um  mode ls )  a re  d i rec t  resu l t s  o f  th i s  
i dea .   

The  Lucas  C r i t i que  had  a  w ide - rang ing  impac t  i n  academic  
c i rc les  and  on  the  deve lopment  o f  mac roeconomic  mode ls ,  and  is  
a rguab l y  o ne  o f  the  most  i n f luent ia l  mac roeconomic  a r t i c les  o f  
t he  1970 ’s  (LeRoy ,  1992 :  235 ) .  The  emp i r i ca l  re levance o f  the  
Lucas  Cr i t i que ,  however ,  has  not  been  p roven  beyond reasona b le  
                                                
2 Klein (1989) and Bodkin and Marwah (1988) (among others) offer arguments in rebuttal of the Lucas 
critique and rational expectations theory, while providing justification for the use of the system-of-
eqaution approach to macroeconometric modelling 
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doubt  a nd  i s  i nc reas in g ly  be ing  ques t ioned3.  Wh i le  the  reac t ion  to  
t he  Lucas  Cr i t iq ue  i n  academic  c i rc les  wa s  d ramat ic,  w i th  many 
academics  he ra ld ing  t he  end  o f  po l i cy  ana l ys is  us ing  la rge -sca le  
mac ro -economet r i c  mode ls ,  mode le rs  tended  to  i gno re i t  i n  
p rac t i ce .     

A  sec ond  c r i t i que  leve led  a t  the  t rad i t i ona l  sys tem-o f -e qua t ions  
approach  can  be  foun d i n  an  a r t i c le  by  Chr is tophe r  S ims in  1980 .  
S ims  a rgued  tha t  the  in te rac t ion  be tween  ec onomic  var iab les  in  a  
ge ne ra l  equ i l i b r ium se t t i ng  i s  so  pervas i ve  tha t  each  s t ruc tu ra l  
equa t i on  in  such  a  mo de l  shou ld  inc lude a l l ,  o r  a lmos t  a l l ,  
va r iab les  in  the  mo de l  (Chr is t ,  1994:  51 ) .  The  ident i f i ca t i on  o f  
s t ruc tu ra l  e qua t ions  th rough  the  u se  o f  nume rous  zero  
res t r ic t i ons4,  as  in  the  t rad i t i ona l  approac h,  was  the re fo re  deemed 
i nap propr ia te  by  S ims.   

S ims  (198 0)  l abe led  these  res t r i c t i ons  as  “ i nc red ible ”  a nd 
sugges ted  an  a l te rna t i ve  to  t he  t rad i t i ona l  ap proach,  namel y 
vec to r  a u to re gre ss ion s  (VARs) .  Th is  a pproac h  i s  d i scusse d  in  
s l i gh t l y  mo re  de ta i l  i n  the  subse quen t  sec t ion .           
 
3.  The Next  Generat ion 
 

Fo l l ow ing the  c r i t i que  le ve led  a t  t he  t rad i t io na l  approach  by 
economis ts  suc h  as  Lu cas  a nd  S ims,  a  new gene ra t i on o f  
mac roeconomic  mode ls  e vo lve d.  Th is  sec t ion  exp lo res t h ree  o f  
t hese  mode ls .                
             
3 . 1  Ve c t o r  A u tor eg re s s i o ns  (V A Rs )  
 

As ment i one d  in  the  p re v i ous  sec t i on ,  S ims  (1 980)  cr i t i c i zed 
t he  use  o f  zero  res t r ic t i ons  in  ide nt i f y in g  s t ruc tura l  equa t i ons  in  
mac roeconomic  mode l s .  As  an  a l te rna t i ve ,  S ims s t rong ly  
advoca te d  t he  use  o f  vec to r  au to regress i ons  (VARs)  in  
economet r i cs .  

A  un iva r ia te  a u to regre ss i on  i s  s impl y  a  mo de l  where a  var iab le  
i s  re gre ssed  on i t s  own  pas t  va l ues.  By  l og ica l  ex tens ion ,  a  VAR 
i s  es t imated  by  regre ss in g  a  se t  o f  va r ia b les  on  i ts  own  pas t  
va lues  as  we l l  a s  t he  pas t  va lue s  o f  a l l  o the r  va r iab les  in  the  
sys tem.  C ons ide r  the  fo l low ing gene ra l i zed f o rm o f  a  VAR sys tem 
(Ende rs ,  1995 :  301) :  

 

tptpttt xAxAxAAx ε+++++= −−− ...22110
      (2 )  

 
w h er e  x t  =  an  (n x1 )  vec to r  c on ta in i ng each  o f  the  n  va r iab les  

       i n  the  VAR 
            A 0  =  an  (nx 1)  vec t o r  o f  i n te rce p t  te rms  

                                                
3 See Rudebusch (2002), Linde (2001) and Van Bergeijk and Berk (2001) 
4 For example, when identifying an equation on the grounds of economic theory, only certain variables 
are included; the coefficients on all other variables in the model are then set equal to zero within the 
relevant equation (in other words, the variables do not appear on the right hand side of the equation) 
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A 1  =  (n x n )  mat r i ces  o f  coe f f i c ien t s  
a n d   ε t   =  an  (nx1 )  vec t o r  o f  e r ro r  te rms  
 

S ims ’  a pp roach en ta i l s  l i t t le  m ore  than  de te rm in ing wh ich  
va r iab les  to  i nc lude  in  t he  VAR and  t he  de te rmi na t ion  o f  t he  
app ro p r ia te  l ag  l eng th  (S im s ,  198 0) .  Va r iab le s  a re  se lec te d  on  the  
ba s is  o f  re levant  eco nomic  t heo ry  and  va r ious  l ag  leng th  tes ts  
cou l d  be  ca r r i ed  ou t  to  se lec t  t he  approp r ia te  l ag  l eng th .  Because  
o f  the  i nc lus ion  o f  la gs  o f  a l l  va r iab les  in  eac h  equa t ion  and  the  
a l l owance  fo r  co r re la t i ons  o f  d i s tu rbance s  ac ross  the  d i f f e ren t  
equa t i ons ,  c ross -var iab le  l in kages  a re  a u toma t i ca l ly  inco rpo ra ted  
(D ieb o ld ,  1997:  11 ) ,  t he reby  inc o rpo ra t i ng  the  pe rva s ive  
i n te rdependence  be t ween economic  var iab les  tha t  S i ms  advoca ted .   

VARs  w i l l  unque st i ona b l y  be  o ve r pa r a me te r i z e d  s i nce  many o f  
t he  coe f f i c ien t  es t imates  can  be  p rope r l y  exc luded . However ,  
s ince  the  goa l  i s  to  i den t i f y  impor tan t  i n te r re la t ionsh ips  be tween 
va r iab les  a nd  no t  make  sho r t - te rm  f o recas ts ,  as  we ll  as  t he  f ac t  
t ha t  im por ta n t  i n fo rmat io n  ma y be  l os t  b y  impos i ng  i mprope r  ze ro  
res t r i c t i ons ,  the  exc lus io n  o f  seeming l y  u n im po r ta nt  coe f f i c ie n t  
es t ima te s  is  no t  encou raged  (Ende rs ,  1995:  301 ) .      

An im por ta n t  obse rva t ion  i s  tha t  t he  r i gh t  hand  s ide  o f  (2 )  
con ta i ns  on l y  p rede te rmine d  va r iab les  a nd  (b y  a ssumpt i on )  
se r ia l l y  unco r re la te d  e r ro r  te rms  w i th  cons tan t  va riance .  
T he re fo re ,  each  e qua t ion  i n  (2 )  can  be  es t imated  usin g o rd ina ry  
l eas t  squa res  (OLS) .  Acc ord i ng  to  E nde rs  (1 995:  301) ,  one -a t -a -
t ime  OLS es t imat i on  p roce du res  p ro duces  es t ima tes  tha t  a re  
cons is te n t  an d  asym pto t i ca l l y  e f f i c i en t ,  desp i te  t he  poss ib i l i t y  o f  
co r re la ted  d is tu rbances .  

The re  ex i s t s  a  deba te  as  to  whe the r  t he  var iab les  co n ta i ned  in  a  
VAR need  to  be  s ta t i ona ry.  Seve ra l  au tho rs ,  inc l ud ing  S ims  
(1980 )  an d  S ims ,  S t ock  and  Wa tson  (19 90 ) ,  a rgue agains t  
d i f f e renc ing  e ven i f  t he  var iab le  con ta ins  a  un i t  ro o t .  As  
ment i one d a bove ,  the  goa l  o f  a  VAR ana l ys is  i s  to  de te rm ine  t he  
na tu re  o f  t he  re la t i onsh ip s  among  va r iab les ,  no t  t he  pa rame te r  
es t ima te s .  D i f fe renc ing  th rows  a way impor tan t  i n fo rma t i on  
pe r ta in i ng  to  the  co -movemen t  o f  va r iab les  a nd  cou ld  i n f l uence  
t he  es t imate d  in te r re la t i onsh i ps  be tween  the  va r iables  i n  the  
sys tem.   

The  abo veme nt i oned  de ba te  su r round in g  va r iab le  s ta ti ona r i t y ,  
as  we l l  as  the  red uced  fo rm na tu re  o f  t he  s tanda rd  VAR,  
p rec ludes  an y  se ns ib le  in te rp re ta t io n  o f  the  ind i v idua l  coe f f i c ien t  
(pa ramete r )  es t imates .  There fo re ,  the  resu l t s  o f  an es t imated  VAR 
a re  o f ten  p resen ted  in  the  fo rm  o f  impu lse  response f unc t i on  
and/ or  va r iance  decompos i t i on  (Ende rs ,  1995 ) .  T he  im pu lse  
response  func t i on ,  de f ined  a s  the  mov in g  ave rage  represen ta t i on  
o f  t he  e r ro r  vec to r ,  t races  ou t  t he  im pac t  o f  a  shock  t o  one  o f  t he  
e leme nts  o f  t he  e r ro r  vec to r  on  the  va r iab les  i n  the  VAR sys tem.  
On  t he  o the r  han d,  va r ia nce  decompos i t i on  i nvo lve s  the  
decompos i t i on  o f  the  e r ro r  va r iance  o f  a  seq uence  to  de te rm ine  
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how much  o f  th i s  va r iance  can  be  a t t r ibu te d  to  shocks  t o  the  e r ro r  
vec to r .       

S tock  and  Watson (2 001)  assess  to  wha t  ex ten t  VARs  have  
p ro v ided  a  cohe ren t  and  c red ib le  app roach  t o  da ta  desc r ip t i on ,  
fo recast ing,  s t ruc tu ra l  i n fe rence  and  po l i c y  ana l ysi s  i n  t he  years  
s ince  i t s  i ncep t io n .  Resu l t s  a re ,  a t  bes t ,  m ixe d .  Wi th  re ga rd  to  
da ta  desc r i p t i on  and  f o recas t ing,  VARs  have  p ro ven  t o  be  re l iab le  
and  p ower fu l  to o l s  and  a re  w ide ly  use d in  t h i s  capac i t y .  
S t r uc tu ra l  in f e rence  and  po l i c y  a na lys i s ,  on  t he  o the r  hand ,  a re  
i nhe ren t l y  m ore  d i f f i c u l t  because  o f  t he  p rob lem  o f 
d i f f e ren t ia t i ng  be t ween  the  concep ts  o f  c o r r e l a t i o n  a nd  
c a us a t i o n .  Th i s  p rob lem ca nno t  be  so l ved  w i th  a  s tanda rd  
s ta t i s t i ca l  t es t .  Economic  theo ry  o r  i ns t i t u t i ona l  k now ledge  
p ro v ides  the  on l y  me tho d  fo r  so l v in g  t h is  p rob lem (St ock  a nd 
Watson,  2001 ) .                    
       
3 . 2  Re a l  B u s i nes s  C yc le  ( R BC )  Mo de l s 5 
 

T h i s  sec t i on  i nve s t i ga tes  t he  de ve lopme nt  and  ma in  
cha rac te r i s t i c s  o f  t he  so -ca l le d  RBC mode ls .  These  mode ls  
embo dy a  method o lo gy  tha t  l e d  d i rec t l y  to  t he  deve lopmen t  o f  t he  
fami l y  o f  m ode ls  i nves t iga ted  i n  t he  nex t  sub -sec t ion ,  name ly  
DSGE mode ls .  

A t  t h is  s tage  i t  i s  necessa ry  to  make  ye t  ano the r  im por tan t  
d i s t i nc t i on .  The  Keynes ian  researc h  p ro gram o f  t he  m idd le  20t h  
cen tu ry  wa s  conce rne d  w i th  de te rm in ing  t he  l e ve l s  of  emp loymen t  
and  ou tpu t  a t  spec i f i c  ins tances  i n  t ime  a nd  w i th  how  to  a l te r  t he  
t ime  pa ths  o f  impor tan t  mac roeconomic  va r iab les  (S tad le r ,  1994 :  
1750 ) .  In  the  1970 ’s  the  Ke ynes ian  resea rch  p rog ram inc reas i ng ly  
ga ve  way  to  the  s tudy  o f  bu s ine ss  cyc les ,  i nc lud ing the  s tudy  o f  
t he  na tu re  and  cau ses  o f  t hese  econo mic  f l uc tua t ions .   

As  Lon g a nd  P l osse r  (1983 )  re marks ,  b us iness  c yc les i n  ac tua l  
economies  seem to  be  cha rac te r i zed  by  two  b road  regu la r i t ies ,  
na me l y  t ha t  ups  and  do wns  in  i nd i v idua l  economic  ser ies  exh i b i t  
a  subs tan t ia l  amoun t  o f  pe rs i s te nce  and  tha t  measu re s o f  va r i ous  
economic  ac t i v i t i es  m ove  t oge ther .  Lucas  (1977:  10 ) a rgues  t ha t  
“…they  appea r  to  be  regu la r i t i es  common  to  a l l  decen t ra l i zed  
marke t  economie s…one  i s  l ed  by  t he  fac ts  t o  c onc l ude  t ha t ,  w i th  
respec t  to  the  qua l i ta t i ve  behav io r  o f  co -move ments among 
se r ie s ,  b us iness  cyc les  a re  a l l  a l i ke…i t  sugges ts  the  poss ib i l i t y  o f  
a  un i f i ed  exp la na t ion  o f  bus i ness  c yc le s…”  The  a im  o f  t he  RBC 
resea rch  p rog ram was  ( i s )  t o  i nves t i ga te  one  such  a poss i b le  
exp lana t ion .  

T he  mos t  s i gn i f i can t  c on t r i bu t ion  to  the  deve l opment  o f  t he  
RBC pro gram came  f r om the  1982  pa pe r  by  F inn  Kyd land a nd 
E dward  P resco t t .  Acc ord ing  to  Se rg io  Rebe lo  (200 5:  217 ) ,  
Kyd l and  and  Pre sco t t  i n t roduce d th ree  re vo l u t ionary i deas  in  
                                                
5 This section provides a very superficial investigation of the RBC research program. For more 
extensive surveys of the literature see Huh and Trehan (1991), Mankiw (1989) and McCallum (1988), 
among others       
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t he i r  pa pe r .  T he  f i r s t  was  tha t  bus i ness  c yc le s  could  be  s tud ied  
us i ng  d ynamic  gene ra l  e qu i l i b r i um mo de ls .  Second ly , i t  i s  
poss i b le  to  reconc i l ia te  g rowt h  and  bu s ine ss  c yc le  t heo ry  by 
i ns i s t i n g  tha t  bu s iness  c yc le  mode ls  sh ou ld  be  co nsis ten t  w i th  the  
empi r i ca l  regu la r i t ie s  in  l ong - run  g row th .  F ina l l y , one  can  go  
be yond  t he  q ua l i ta t i ve  compa r i so n  o f  the se  m ode ls  wi th  em pi r i ca l  
s t y l i zed  fac t s  by  u s ing  ca l ib ra ted  mode ls  t o  gene rate  a r t i f i c ia l  
da ta  to  be  compared  w i th  ac tua l  da ta .  

T he  wave  o f  m ode l s  tha t  f o l l owe d  th i s  g round  b reak ing  pape r  
we re  re fe r red  t o  as  “ rea l  bus ine ss  c yc le ”  mode ls  because  o f  t he i r  
emphas is  on  t he  ro le  o f  rea l  shocks  in  d r i v ing  the  bus iness  c yc le .  
RBC  mode l s  v ie w cyc les  as  “a r i s ing  i n  f r i c t i on less , pe r fec t l y  
compet i t i ve  economies  w i th  genera l ly  comp le te  markets  sub j ec t  
t o  rea l  shocks ”  (S ta d le r ,  1994:  1751) .  T he  t yp i ca l  mode l  wou ld  
i nc lude  a  rep resenta t i ve  househo ld  a i m ing  to  max imize  u t i l i t y  
t h rou gh the  a l l oca t io n  o f  consumpt ion  and  le isu re ,  a lo ngs i de  a  
rep resen ta t i ve  f i rm  seek ing  to  max im ize  p ro f i t s  (Kreme r  e t  a l ,  
2006:  4 ) .  RBC mode ls  show tha t ,  e ve n  unde r  these  ext reme 
assu mpt ions ,  c yc les  can  a r i se  th rough the  response  o f  op t im i z ing 
a gen ts  to  rea l  shocks  (suc h  as  p roduc t i v i t y  o r  techno logy  shocks ) .  
T hese  mode ls  rega rd  s tochas t ic  f luc t ua t i ons  i n  p roduc t i v i t y  as  the  
p redomina nt  sou rce  o f  bu s i ness  c yc les  f l uc tua t ions .  

T he  f ac t  t ha t  RBC mo de ls  have  a l mos t  exc l us i ve l y  been 
cha rac te r i zed  b y  these  p ro duc t i v i t y  sh ocks  has  led  t o  t he  
ge ne ra l i za t i on  tha t  t hese  mode ls  a re  d r i ven  b y  a ggrega te  “ supp l y  
shoc ks ”  (Pl osse r ,  1989:  5 7 ) .  Th is  gene ra l i za t io n  can  be  some wha t  
m is lea d ing.  In  RBC mode ls ,  shocks  occ u r  to  p re fe rences ,  
tec hno log ies ,  o r  resou rces  a nd  endowment s ,  wh ich  canno t  be  
eas i l y  t rans la ted  i n t o  e i the r  sup p ly  o r  demand d i s tu rba nces .  These  
shoc ks  w i l l  t yp i ca l l y  a f fec t  bo th  deman d  and  sup p ly c ond i t io ns  i n  
a  g i ven  marke t  (P losse r ,  198 9:  57 ) .   

I n  man y  case s ,  ev idence  o f  impor tan t  sh i f t s  i n  “a ggrega te  
de mand”  a re  ta ken  as  ev i dence  a ga in s t  RBC mo de ls .  B u t ,  as  
ment i one d a bove ,  ma ny  au thors  que s t ion  the  use fu l ness  o f  t he  
d i s t i nc t i on  be t ween  demand a nd  supp l y  s i de  shoc ks  as  the re  
ex is t s  ev idence  tha t  supp ly  s i de  i nnova t ions  t rans la te  in to  
chan ges  in  demand and v i ce  ve rsa  (S tad le r ,  1 994:  1751 ) .  

S ta d le r  (1 994)  l i s ts  the  ma in  f ea tu res  o f  RBC mode ls :  i )  a  
rep resen ta t i ve  a gen t  f rame work  i s  adop ted  (wh ich  c ir cum ven t  
a ggre ga t ion  p rob lem s) ,  i i )  househo lds  and  f i rm s  m ini m ize  
ob jec t i ve  f unc t io ns  sub jec t  t o  ce r ta in  cons t ra in t s , i i i )  t he  cyc le  is  
d r i ven  by  e xogenous  shoc ks  to  techno lo gy ,  i v )  agen ts  have  
ra t i ona l  expec ta t ions  an d  v )  ac tua l  cyc les  a re  ge nera te d  v ia  
p ropa gat i on  mec han ism s  b u i l t  i n t o  t he  m ode l  ( t hese  inc lude  
ad ju s tmen t  th rough  consumpt io n ,  i nves tmen t ,  labou r -l e i su re  a nd  
i nve nto ry  dec is ions ) .  

Desp i te  the  appa ren t  theo re t i ca l  va l i d i t y  o f  the  RBC  resea rch  
p ro gram and  the  p rom is ing  resu l t s  o f  ea r l y  resea rch,  i t  i s  w i de l y  
accep te d  tha t  a  bus ine ss  cyc le  mode l  ba sed  so le l y  on  techno logy  
shoc ks  f a i l s  t o  cap t u re  a  numbe r  o f  cyc l i ca l  phenomena  (S ta d le r ,  
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1994:  175 1 ) .  On  t he  one  hand ,  many  em pi r ica l  re gu lar i t i es  c ou ld  
no t  be  rep roduce d b y  the se  mode ls ,  wh i l e ,  on  the  o the r  hand,  the  
way  in  wh ich  t hese  mode ls  we re  e va lua ted  (a nd  the  wa y  in  wh ich  
t he i r  e mp i r ica l  f i t  wa s  eva l ua ted )  came  unde r  s t rong  c r i t i c i sm 
(Kre mer  e t  a l ,  2006 :  4 ) .   

T he re  ex i s t  f i ve  ma j o r  c r i t i c i sms  o f  t he  RBC resea rch  p rogram :  
i )  n o  ev ide nce  o f  i nde pende nt ,  econo my-w ide  p rod uc ti v i t y  
d i s tu rba nces ,  i i )  no  f o rma l  econo met r ic  tes ts  o f  t he  mode ls ,  i i i )  
RBC mode ls  canno t  account  f o r  t he  pe r i od i c i t y  o f  cyc les ,  i v )  RBC 
m ode ls  cannot  accoun t  fo r  recess ions  and v )  the  use o f  t he  
rep resen ta t i ve  a gen t  f rame work  (S tad le r ,  1994 :  176 6) .  Re ga rd ing  
t he  tes t ing  o f  RBC mo de ls ,  t he  use  o f  da ta  f i l te rs , suc h  as  the  
Hodr ick -P resc o t t  f i l te r ,  have  come  un der  heavy  f i re (S ta d le r ,  
1994  and Cog le y  and  Nason ,  1995 ) .  I t  i s  a rgued  tha t t hese  f i l t e rs  
i mpose  spu r iou s  cyc l i ca l  pa t te rns  t o  the  da ta .  Passi ng  a  ra ndom 
wa lk  th rough  t he  HP f i l te r  resu l t s  i n  c yc l i ca l  behav iou r  i n  t he  
da ta ,  even  though the re  a re  no  cyc les  p re sen t  i n  the o r ig ina l  
se r ie s  (S ta d le r ,  1994 :  1769 ) .   

T hese  c r i t i c ism s  have  lead  t o  the  con t inued  de ve lo pmen t  o f  
RBC mode ls  and  the  inco rpo ra t i on  o f  va r i ou s a dd i t i ona l  shocks  
t ha t  a re  a na logous  t o  tas te  shoc ks .  Ex tens io ns  to  the  bas ic  RBC 
m ode l  i nc lude  more  r i go rous ly  de f ined  labou r  ma rke ts  and  the  
i nc lus i on  o f  money ,  go ve rnment  an d  the  fo re ign  sec to r  (S tad le r ,  
1994:  1 758 -1765 ) .        

Desp i te  the  we l l -g rounde d  c r i t i c i sm leve led  aga ins t RBC 
m ode ls ,  resea rches  soo n  rea l i zed  tha t  t he  RBC re searc h  p ro gram 
p ro v ided  m uch  mo re  t han  an  e xp lana t io n  f o r  t he  bus iness  c yc le .  I t  
was  soon  rea l ize d  tha t  t he  ma i n  con t r ibu t i on  o f  t h is  p rogram  was  
met hodo lo g ica l  i n  t ha t  i t  p rov i ded  a  cons is ten t  wa y to  “desc r ibe  
and  so l ve  a  ra t i ona l  expec ta t i on  s tochas t ic  d ynamic gene ra l  
equ i l i b r i um  mode l ”  (K remer  e t  a l ,  2006:  4 ) .  Th i s  obse rva t i on  
l ea ds  us  d i rec t l y  i n to  ou r  ne x t  subsec t i on .            

        
3 . 3  Dy n a m ic  S t oc ha s t ic  Ge ner a l  E q u i l i br i u m ( DSG E )  M o d e ls 6     

  
The  me tho do logy  de ve loped  t h rough  the  RBC resea rch  p ro gram 

led  d i rec t l y  to  the  de ve lopme nt  o f  t he  l as t  o f  t he  “nex t  
ge ne ra t i on”  o f  mac roecon omic  mode l s ,  name l y  dynamic s t ochas t i c  
ge ne ra l  equ i l i b r i um  (DSGE)  mode ls .  As  me nt ioned  i n  the  
p rev ious  sec t i on ,  RBC mode l s  assumed  p r i ce s  t o  be  fu l l y  f l ex ib le ,  
t he reby  p ro v id in g  no  ro le  f o r  mac roeconomic  po l i c y  ( f i sca l  o r  
m one ta ry )  i n  impac t i ng  rea l  ec onomic  ac t i v i t y .  Fu r the r  r esearch  
and  deve l opme nts  ha ve  led  t o  the  i nco rpo ra t i on  o f  va r ious  
r i g id i t i es  ( i nc l ud i ng  p r i ce  s t i c k iness )  i n  these  m ode ls  and  has  led  
t o  what  i s  now ca l led  DSGE mode ls  ( IMF,  200 4) .  

Many  o f  t oda y ’s  DSGE mode l s  i nco rp o ra te  t he  gene ra l 
s t ruc tu re  o f  a  R BC mode l .  Howe ve r ,  these  mode l s  i nco rpora te  
va r i ous  i mpe r f ec t i ons  a nd  r i g i d i t i es  i n  t he  marke ts fo r  goods ,  

                                                
6 Again, this is but a short review of the main characteristics of DSGE models 
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fac to rs  o f  p roduc t io n  and  f i nanc ia l  asse ts ,  wh i l e  al so  fea t u r ing  a  
l a rge r  se t  o f  s tocha s t i c  d i s t u rba nces  (Kremer  e t  a l ,  2006 :  2 ) .  
Fo l l ow ing  the  RBC t ra d i t i on ,  DSGE mode ls  can  be  desc r i bed  as  
sma l l  sca le ,  s t r uc t u ra l  s imu l taneous  equa t ion  m ode ls  f i rm l y  
g rounded  in  i n te r - tempo ra l  op t im iza t i on  theory  a nd  
m ic roeco nom ic  p r inc ip le s .  T hey  f ea tu re  an  impu lse  response  
s t ruc tu re  and  a re  s t r uc t u red  a roun d  o p t im iz in g  agent s  i n  a  gene ra l  
equ i l i b r i um env i ronment .                

The  c harac te r i s t i c s  t ha t  se t  DSGE  mode ls  apa r t  f rom p rev ious  
m ode l ing  s t ra teg ies  a re  exp lo red  by  L i m  and  Mc Ne l i s (2002 )  and  
De l  Ne gro  and  Scho r f he ide  (200 3 ) .  DSGE mode ls  a re  base d  on  a  
fu l l y  spec i f ied  economic  env i ronme nt  and  fea tu re  s tr ong  
m ic roeco nom ic  founda t ions .  These  mo de ls  a re  popu la ted  by  
u t i l i t y  max im iz ing  househ o lds  wh ic h  max im ize  u t i l i ty  sub j ec t  t o  
ce r ta in  b udge t  cons t ra in ts ,  an d  pro f i t  max i mi z i ng  fi rm s  wh ich  
max im ize  p ro f i t  sub j ec t  t o  techno logy  cons t ra in ts  and  
p roduc t i v i t y  shocks .  DSGE  mode ls  p rov ide  f o r  fo rwa rd  l ook ing  
expec ta t i ons  (as  embo d ied  by  t he  i n te r tem po ra l  op t im iza t i on  by  
househo lds  and f i rm s )  as  we l l  as  nomina l  and  rea l  ri g i d i t i es .   

A  d i s t i ngu ish ing  fea tu re  o f  these  m ode l s  i s  t ha t  they  a re  f i rm ly  
g rounded  in  m ic roeconomic  theo ry  and  tha t  t he y  a re  de r ived  f rom 
f i rs t  p r i nc i p les ,  wh ich  g rea t l y  i mp rove s  the  i n te rna l  con s is tency 
o f  t he  m ode l  equa t ions  (Ba nk  o f  E ng lan d,  2005) .  Anothe r  f ea tu re ,  
as  me nt ioned  a bove ,  i s  t he  inco rpo ra t ion  o f  f o rwa rd l ook i ng 
expec ta t i on  in  DSGE m ode ls .  By  i n t roduc in g  f o rwa rd  l ook ing 
expec ta t i ons ,  DSGE  mode l s  a re  to  a  g rea t  ex te n t  insu la te d  f rom 
t he  Lucas  c r i t iq ue .                     

The  mode l  pa rame te rs  qua nt i f y  t he  p re fe rences  (o r  tas tes )  o f  
a gen ts  as  we l l   as  o the r  fea tu re s  o f  the  econom y (such  as  t he  
p roduc t i on  f unc t ion )  and  a re  l abe led  “ deep”  pa ramete rs .  In  
t rad i t i ona l  mode ls  ( as  we l l  as  VAR  mode ls ) ,  t hese  pa ramete rs  a re  
es t ima te d  v ia  t rad i t iona l  economet r ic  tec hn i que s .  In  man y  DSGE 
m ode ls ,  howe ve r ,  m os t  o f  t hese  so -ca l l ed  “ deep”  pa rame te rs  a re  
ca l i b ra ted .  T h i s  i s  one  o f  the  most  con t ro ve rs ia l  aspec ts  o f  DSGE 
m ode l ing.  Ca l i b ra t i on  i nvo l ves  the  ad  h oc  eva l ua t i on  o f  t he  
d i s ta nce  be tween  the  the o re t ica l  momen ts  im p l ie d  by t he  m ode l  
and  the  momen ts  in  the  ac t ua l  da ta .  Pa ramete r  va lues  a re  f i xed  a t  
a  l eve l  as  de te rm ined  in  o ther  m ic roeco nomic  s t ud ies .  The  m ode l  
i s  s imu la ted  an d  t he  momen ts  o f  t he  s i mu la ted  mode l com pare d  to  
t he  mome nts  i n  the  ac tua l  da ta .  I f  t hese  two  se ts  of  mome nts  a re  
“ c l ose  eno ugh”  t he  mode l  i s  deeme d an   a deq ua te  desc r i p t i on  o f  
t he  da ta  ge ne ra t i ng  p ro cess  (De l  Negro  a nd  Scho r fheide ,  2003 ,  
and  Kreme r  e t  a l ,  2006) .   

The  impac t  o f  t hese  “deep ”  pa ramete rs  on  the  sho r t  t e rm 
dynamics  o f  t he  mode l  i s  l im i ted .  S i nce  t he  i n f o rmat ion  con ta ined  
i n  the  da ta  ma in l y  pe r ta ins  to  the se  sho r t  t e rm  dynamic  responses ,  
i t  i s  d i f f i cu l t  to  ob ta i n  accu ra te  es t imates  o f  t he pa rame te rs  ( IMF,  
2004 ) .  Add i t i ona l l y ,  DSGE  mode ls  a re  by  de f in i t io n  m iss -
spec i f i ed  wh ich  reduces  the  v iab i l i t y  o f  c la ss i ca l  es t ima t i on  
tec hn i que s  (D ieb o ld ,  1997 ) .  These  two  fea tu re s  imp ly  t ha t  
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t rad i t i ona l  e s t ima t ion  tec hn i que s  a re  less  use fu l  and  opens  the  
doo r  fo r  a l t e rna t i ve ,  l ess -s t ruc t u red  app roache s  such  as  
ca l i b ra t i on7.                       

I n  recent  t ime s ,  fo rma l  eco nomet r i c  techn i que s  a re  i nc reas ing ly  
be in g  u t i l i zed  t o  es t imate  some  o f  t he  mo de l  pa ramete rs ,  the reby  
ba s in g  in fe rence  on  we l l -de f i ne d  s ta t i s t i ca l  measu res  (Kre mer  e t  
a l ,  20 06 ) .  T he  es t ima t i on  o f  t he  paramete rs  i n  a  DSGE  m ode l  
i nvo l ve s  de te rm in ing  the  va l ues  fo r  t hese  pa rame te rs  th rough  the  
m in i m iza t ion  o f  a  g i ve n  ob jec t i ve  func t i on  (Scho r f he i de ,  2000) .  
T he  mo s t  popu la r  met hod  a t  p resent  i s  fu l l  i n fo rma tion  max imum 
l i ke l ihood es t imat io n  (M LE) .  Th is  method  amou nts  to 
“ma x imi z ing  the  l i ke l i hood  o f  the  obse rved  da ta  g i ven  the  DSGE 
m ode l  b y  a pp ropr ia te l y  ch oos ing  t he  mo de l ’s  pa ramete rs ”  
(Kre mer  e t  a l ,  2006 :  11 ) .  A  ma jo r  p rob lem  w i th  th is tech n ique  is  
t he  s t r ong  assumpt i on  tha t  i s  made :  fo r  t h i s  tec hn ique  to  be  va l i d  
we  assume  tha t  t he  DSGE  i s  the  t rue  da ta  gene ra t i ng p rocess .  
T h is  i s  an  i mp la us ib le  assumpt ion  and resu l t s  i n  the  mode l  eas i l y  
be in g re jec ted  b y the  da ta .   

A  second  es t imat i on  techn i que  t ha t  i s  fas t  ga in ing  popu la r i t y  i s  
Ba ye s ia n  es t ima t ion .  T h is  ap p roach  can  be  seen  as  conso l i da t i ng 
aspec ts  o f  ca l i b ra t i on  and  more  fo rma l  eco nomet r i c  techn i ques .  
Wha t  se t s  t h i s  e s t imat io n  tech n ique  apa r t  f r om  o ther  es t ima t i on  
tec hn i que s  i s  tha t  Ba ye s ia n  es t ima t i on  en ta i l s  the  spec i f i ca t i on  o f  
some  p r i o rs  f o r  t he  pa rame te rs  tha t  a re  be ing  e s t ima ted .  T hese  
p r io rs  c ou ld  be  take n  f rom  the  same  source s  u t i l i zed  in  the  
ca l i b ra t i on  e xe rc ise .  The  de gree  o f  con f idence  su r round ing  t he  
p r io r  i s  measu re d  t h ro ugh the  p robab i l i t y  d is t r ib u ti on  o f  t he  
pa rame te r  in  ques t ion  (Kremer  e t  a l ,  2 006:  11 ) .  The resea rche r  
t hen  a l l ows  the  da ta  to  t i l t  h i s /he r  be l i e f  su r round ing  the  p r i o r  in  
one  o r  the  o the r  d i rec t i on .                    

The  bas ic  s teps  in  c ons t ruc t ing  and  so l v i ng  a  DSGE  mo de l  i s  
g i ve n  in  Kremer  e t  a l  (2006 )  and  L im  a nd  McNe l i s  (20 02) .  The  
f i rs t  s tep  invo lve s  the  theo re t i ca l  spec i f i ca t i on  of  the  
env i ronme nt .  In  o the r  wo rd s ,  choos i ng  t he  se t  o f  economic  
assu mpt ions  base d on  the  ques t ion  be ing  asked  and  tran s la t i ng 
t hese  assum pt ion  in to  mat hema t i ca l  f o rm .   

The  secon d  s tep  r equ i res  the  de r i va t i on  o f  t he  f i r st -o rder  
cond i t i on s  o f  t he  op t im iza t i on  p rob lems  imp l ied  by  t he  m ode l  a nd  
de f i n in g  the  Eu le r  equa t ions .  Th is  i s  ra t he r  s t ra i gh t f o rwa rd  a nd  i s  
ba sed  o n  dyna mic  p rogrammi ng  techn iques  an d  the  Be llman 
equa t i on  (L im  and  McNe l is ,  2002 :  13 ) .  S ince  t he  f i rs t -o rde r  
cond i t i on s  a re  o f ten  non - l i near  i n  na tu re ,  i t  i s  req u i red  to  de r i ve  
t rac tab le  approx ima t i ons  (usua l l y  i nvo l v ing  a  f i r s t-o rder  Tay l o r  
expans ion  a round  a  s ta b le  s teady s ta te ) .  

Th i rd l y ,  t he  so l u t io n  to  t he  a pp ro x ima te d  sys tem is ca lcu la ted .  
T h is  can  o f te n  be  accomp l ished  t h rough  numer ic  compute r  
a lgo r i t hm s (Kremer  a t  a l ,  2006 :  8 ) .   

                                                
7 A more sophisticated type of calibration is based on Bayesian Monte Carlo techniques and take into 
account the uncertainty surrounding parameter values, see Canova (1994, 1995)  



 15

The  nex t  s tep  invo lves  t he  ass ignme nt  o f  va lues  to  the  
pa rame te rs  o f  t he  m ode l .  Th is  can  be  acc omp l ished  ei the r  t h ro ugh 
ca l i b ra t i on  o r  m ore  fo rma l  es t imat ion  techn iques  (as  d i scu ssed 
above ) .   

F ina l l y ,  t he  com ple te  spec i f ied  m ode l  can  be  used  to  s im u la te  
t he  ec onomy and  ca r r y  ou t  va r iou s  po l i c y  ana l ys i s ,  depend ing  on  
t he  ques t ion  be i ng  asked.        

An  i mp or tan t  a spec t  o f  a ny  m ode l in g  e xe rc i se  is  the p os t  
s imu la t i on  eva l ua t ion .  T h is  i nvo lves  accu racy  checks  as  we l l  as  
tes t i ng  the  un i quene ss  o f  t he  so lu t i on  (L im  and  Mc Ne l i s ,  2002 :  
14 -15 ) .  Th is  ana lys i s  i nvo l ves  check in g  the  accu racy  o f  t he  
so l u t i on ,  va l i da t i on  (h ow  we l l  does  the  m ode l  ‘ pe r fo rm ’   i n  te rms  
o f  f i t t ing  ac tua l  da ta ,  pas t  and  p resen t? )  and  se nsi t i v i t y  ana l ys i s  
( t o  wha t  ex te n t  do  po l i c y  s i mu la t i ons  depend  on  pa rame te r  
va lues ,  spec i f i c  i n i t ia l  co nd i t i ons  o r  assumpt ions  ma de  ab out  the  
under l y i ng  eco nomic  en v i ronmen t? ) .        

The  mos t  impor tan t  fea tu re  o f  DSGE  m ode ls  i s  the  
i nco rpo ra t i on  o f  f o rwa rd  l oo k in g  expec ta t i ons  on  the  pa r t  o f  
a gen ts  and  t he  de r i va t i on  o f  t he  equa t i ons  f rom f i rs t  p r i nc ip les ,  
l end ing  t he  m ic roeconomic  base  necessa ry  to  a dd re ss some  o f  t he  
c r i t i c i sm aga ins t  mac roeconomet r i c  m ode l ing  a nd  po li c y  
e va lua t ion .  T he  fac t  t ha t  t hese  mode ls  a re  i nc reas in g ly  be i ng 
u t i l i zed  b y  po l i c yma ke rs  i s  an  i nd i ca t i on  tha t ,  a t  l eas t  fo r  t he  
t ime be i ng ,  p rac t ice  and  t heo ry  a re  mov i ng  in  the  same  d i rec t i on  
p ro v id in g a  un i f i ed  f ron t  i n  the  eyes  o f  obse rve rs . 

The  nex t  sec t i on  o f  t he  pape r  p resen ts  an  empi r i ca l examp le  o f  
a  DSGE mode l ,  es t ima ted  us ing  Sou th  A f r ican  da ta .              
 
4.  An Empir ica l  Example:  A South Afr ican New 
    Keynes ian Model 
 
4 . 1  The  Ne w  Ke y ne s ia n  Tr a d i t io n  
 

Acco rd ing  to  I re land  (20 04 ) ,  t he  de ve l opme nt  o f  t he New 
Ke ynes ia n  (he rea f te r  NK)  mac roeconomet r i c  mode l  i s  one  o f  t he  
deca de ’s  mos t  exc i t i ng  deve l opmen ts .  C la r i da ,  Ga l i  and  Ger t le r  
(1999 )  p lace  the  NK mode l  a t  t he  cen t re  o f  the i r  sur ve y  o n  recen t  
resea rch  in  m one ta ry  po l i c y ,  and  Wo odfo rd  (2003 )  bui l ds  h is  
manu scr ip t  a ro und s im i la r  ana l y t i ca l  f ou nda t i ons .  

The  bas ic  NK mode l  c ons is ts  o f  t h ree  equa t ions  ( I reland ,  200 4:  
923 ) .  The  f i r s t  l in ks  consumpt ion  an d  ou tpu t  g rowth to  the  
i n f l a t i on -a d j us ted  re tu rn  on  nomina l  b onds  ( i n  o ther  wo rds ,  t he  
rea l  i n te res t  ra te ) .  T h is  amoun ts  t o  the  l og - l i nea ri za t i on  o f  t he  a  
rep resen ta t i ve ,  o p t i m iz ing  house ho ld ’s  Eu le r  equa t ion .  Ke r r  and  
K i ng  (1 996 )  an d  McCa l lum and  Ne l son  (1999 )  ca l l  t h is  the  
e xpe c t a t i on a l  I S  c ur v e .  T he  secon d  equa t ion  i s  a  fo rwa rd  l ook ing  
ve rs ion  o f  t he  Ph i l i ps  c urve  a nd  desc r i bes  the  behav i ou r  o f  
m onop o l i s t i ca l l y  compe t i t i ve  f i rms  tha t  e i t he r  se t  p r i ces  i n  a  
random,  s tagge red  fash ion  (Ca lvo ,  198 3 )  o r  f ace  expl i c i t  c os ts  o f  
p r i ce  ad jus t ment  (Rotem berg,  1982) .  The  th i rd  an d  fina l  e qua t i on  
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comp r i ses  a  moneta r y  po l ic y  ru le  (a s  sugges ted  b y  Ta y lo r  (199 3 ) )  
and  p roposes  tha t  the  ce n t ra l  bank  sho u ld  ad jus t  nomina l  i n te res t  
ra tes  ba sed  on  movemen ts  i n  ou tpu t  and ,  espec ia l l y , in f la t i on .  
T he  NK mode l  t hen  uses  these  th ree  equa t ion s  t o  charac te r i ze  the  
dynamic  be hav iou r  o f  ou tpu t ,  in f la t i on  and the  nomina l  i n te res t  
ra te  ( I re lan d  2004 ) .         

The  NK mode l  ma i n l y  f ocuses  o n  nomina l  va r ia b les  whi l e  
pa y i ng  spec ia l  a t ten t i on  to  mone ta ry  po l i c y  dec is ions  and 
f requent l y  a l l ud i ng back  to  t he  IS -LM  f ra mework .  Desp i te  the se  
cha rac te r i s t i c s ,  NK  m ode ls  share  ma ny fea t u res  w i th  the  RBC 
m ode ls  o f  Kyd land  a nd  Presc o t t  (1982)  and  K in g,  P losse r  and  
Re be lo  (1988 ) , am on g o the rs .  Un l i ke  RBC mode ls ,  howeve r ,  
wh ich  make  no  p rov i s ion  f o r  mone ta ry  po l i c y  and  sees  techno logy  
shoc ks  as  the  o n ly  d r i v i ng  fo rce  beh i nd  economic  f luc tua t io ns ,  
NK mode l s  su gges ts  t ha t  o the r  sh ocks  ma y a l so  be  impor tan t  
( I re land ,  20 04:  923 ) ,  i nc lud ing  m one ta ry  po l ic y  shocks .  
Add i t iona l l y ,  t h rough  i nco rpo ra t i n g va r ious  nom ina l r i g id i t ies ,  
NK mode ls  he l p  exp la in  h ow  d i f f eren t  shocks  a re  p ropaga ted  
t h rou gh the  econ omy.  

  
The  e mpi r ica l  exe rc i se  in  fo l low i ng sec t i ons  o f  t he pape r  

examines  t h i s  l ink  be t ween  NK m ode ls  and  the  p re v i ous  
ge ne ra t i on  o f  RBC mo de ls  wh i le  fu r t he r  in ves t i ga t i ng  the  
i mpor tance  o f  t echno logy  shocks  i n  t he  NK mode l  i n  a  Sou th  
A f r i can  con tex t .  To  m y know led ge ,  such  a  m ode l  ha s  no t  been 
es t ima te d  fo r  South  A f r ican  da ta8.  As  men t i oned  in  the  p rev ious  
sec t ion ,  t he  res t  o f  t he  pape r  fo l l ows  I r e lan d  (2004 )  c lose ly .    
 
4 . 2  The  Mo de l  
 

As  in  I re land  (200 4)  the  mode l  eco nom y cons is t s  o f  a  
rep resen ta t i ve  househo ld ,  a  co n t i nuum o f  in te rmed iate -goods -
p roduc in g  f i rms  ( i ndexed  by  ]1,0[∈i  ) ,  a  rep resenta t i ve  f i na l -

go ods -p roduc ing  f i rm  and  a  cen t ra l  b ank .  Each  in te rmed ia te -
go ods -p roduc ing  f i rms  prod uces  a  u n ique ,  pe r i shab le good  dur ing  
each  pe r iod  t  =  0 ,  1 ,  2… which  can a l so  be  i nde xed  by  ]1,0[∈i ,  

w i th  f i rm  i  p roduc ing  good i .   
 

I :  T he  Re p re sen t a t i v e  H ou se h o ld  
 
The  rep rese nta t i ve  househ o ld  s ta r t s  each  pe r iod  t  w i th  a  s tock  

o f  bo nds ,  B t - 1 ,  and  a  s tock  o f  money,  M t - 1 ,  and  a t  the  be ginn ing  o f  
each  pe r i od  t he  househ o ld  rece ives  a  mone ta ry  t ransfe r ,  T t ,  f rom 
t he  cen t ra l  bank .  Nex t ,  t he  househo ld ’ s  b onds  mature  p rov id i ng 
an  ad d i t i ona l  f l ow o f  mone y,  B t - 1 .  The  h ouseho ld  t hen  u ses  th is  
m one y to  pu rchase  add i t i ona l  bonds  a t  a  p r i ce  o f  B t / r t ,  w i th  r t  t he  
nomina l  i n te res t  ra te  be tween  t  and  t +1 .   

                                                
8 Du Plessis and Burger (2006) estimate a New Keynesian Phillips curve for the South African 
economy, but not a fully articulated New Keynesian model 
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In  each  pe r iod  t ,  t he  househ o ld  supp l ies  h t  un i t s  o f  labour  to  
t he  va r i ous  in te rmed ia te -goods -p roduc ing  f i rms ,  rece iv ing  W t h t  i n  
t o ta l  l a bour  i nc ome w i t h  W t  deno t i ng t he  no mina l  wage.  Dur ing  
pe r i od  t  the  hou seho ld  consumes  C t  un i ts  o f  the  f i na l  good ,  
pu rchased  a t  a  p r i ce  o f  P t  f rom the  representa t i ve  f ina l -goods -
p roduc in g  f i rm .  A t  t he  end  o f  eac h  per iod  the  househo ld  rece i ves  
p ro f i t s ,  D t ,  f rom the  i n te rmed ia te -goods-p roduc ing  f i rm.  The  
househo ld  t hen  ca r r ies  M t  un i ts  o f  money  i n t o  the  nex t  pe r iod .  M t  
i s  chosen sub jec t  to  the  bu dge t  cons t ra i n t :  

 

ttttttttttt MrBCPDhWTBM ++≥++++ −− /11          (3 )  

 
The  house ho ld  seeks  to  max im ize  i ts  pe r -pe r i od  u t i li t y  

func t ion ,  su b jec t  to  (3 ) .  The  u t i l i t y  func t ion  i s  gi ven by :  
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The  p re fe re nce  shock  a t ,  f o l l o ws  the  au to re gre ss ive  p rocess  
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The  se r ia l l y  u nco r re la ted ,  zero -mean  d i s tu rbance  ε a t  i s  

no rma l l y  d i s t r i bu ted  w i t h  s tanda rd  dev ia t i on  σ a.   
The  f i r s t  o rde r  cond i t i ons  o f  the  op t im iza t ion  problem  inc lu des  

t he  i n t ra temp ora l  o p t ima l i t y  c ond i t i on ,  l i nk ing  t he ma rg i na l  ra te  
o f  subst i tu t i on  be tween  le i sure  and  consumpt ion  and t he  rea l  
i n te res t  wa ge,  
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t he  in te r tempo ra l  op t ima l i t y  c ond i t i on   
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l ink ing  the  i n te r tempora l  ra te  o f  subs t i t u t ion  w i th the  rea l  
i n te res t  ra te .  The  f i r s t  o rder  cond i t ions  i nc lu de  the  budge t  
cons t ra in t  i n  (3 ) ,  ho l d i ng  w i th  equa l i t y ,  and  a n  opt ima l i t y  
cond i t i on s  f o r  money ho ld in gs  t ha t  p lays  the  ro le  of  a  money 
de mand  f unc t i on .  I r e land  (20 04 :  924 )  a rgues  t ha t ,  under  an  
i n te res t  ra te  mone ta ry  po l i cy  ru le  (as  i n t roduced  be low) ,  th i s  las t  
equa t i on  can  be  en t i re l y  d ropped  f ro m the  mo de l  a long  w i th  
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re fe rences  t o  the  va r iab le  M t .  Each  o f  t hese  op t ima l i t y  cond i t i ons  
m us t  ho ld  i n  each  pe r iod  t .              
 
I I :  T h e  R epre sen t a t i ve  I n t e r me d i a te - Go o ds -P ro duc i n g  F i rm  

 
Du r i ng  each  per iod  t he  f i rm  h i re s  h t ( i )  u n i t s  o f  l a bour  f rom the  

househo ld  to  p roduce  Y t ( i )  un i ts  o f  the  in te rmed ia te  good  i  
acco rd ing  to  techno lo gy  d esc r ibe  by  the  c on stan t - retu rns - t o -sca le  
p roduc t i on  f unc t i on  

 

)()( iYihZ ttt ≥         (7 )  

 
The  agg regate  techno logy  shock ,  Z t ,  f o l l ows  a  random wa l k  w i th  
d r i f t  
 

 zttt ZzZ ε++= − )ln()ln()ln( 1       (8 )  

 
w i th  z >1  and  the  se r ia l l y  unco r re la ted ,  ze ro -mean  d is tu rbance ,  
ε z t ,  norma l l y  d i s t r i bu ted  w i t h  s ta nda rd  de via t io n  σ z .  

The  in te rme d ia te -goods -p rod uc ing  f i rm  se ts  t he  p r i ce  P t ( i )  f o r  
i t s  ou tpu t ,  sub jec t  t o  sa t i s f y ing  t he  f i na l -goods -produc ing  f i rm ’s  
de mand  a t  t he  g i ve n  p r ice .  The  i n te rmed ia te -goods -produc ing 
f i rm  a lso  f aces  an  exp l i c i t  cos t  o f  nomina l  p r i ce  ad j us tme nt  g i ven 
by  
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w i th  0≥φ  go ve rn ing  the  ma gn i tude  o f  the  p r i ce  ad j us tme nt  and 

1≥π  measu r ing the  s teady  s ta te  ra te  o f  in f l a t i on .  
Th is  cos t  o f  p r i ce  ad jus tmen t  makes  t he  i n te rmed ia te -goods -

p roduc in g  f i rm ’s  p rob lem dynamic  i n  tha t  i t  m us t  choose  a  
seque nce  o f  P t ( i )  to  max im ize  i t s  to ta l  ma rke t  va lue  
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measu res  rea l  p ro f i t s  and  β t (a t / C t )  measu res  t he  marg i na l  u t i l i t y  
va lue  t o  t he  rep resenta t i ve  househo ld  o f  an  add i t iona l  un i t  o f  
p ro f i t .  

The  f i rs t  o rde r  cond i t ions  f o r  t he  rep resenta t i ve  in te rmed ia te -
go ods -p roduc i ng f i rm ’s  p rob le m are  
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I n  t he  spec ia l  case  whe re  0=φ ,  equa t ion  (10 )  becomes   
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I n  the  a bove  equa t ions ,  θ t  measu res  the  t ime -va ry ing  p r ice  

e las t i c i t y  o f  demand ,  an d  can  be  in te rp re te d  a s  a  shock  to  the  
f i rm ’s  des i red  ma rk -up ,  i n te rp re te d  as  a  cos t -push  shock  o f  t he  
k ind  i n t r oduced by C la r ida  e t  a l .  ( 1999 ) .   
T h is  cos t - push  shock  fo l l ows  the  au to reg ress i ve  p rocess  
 

ttt θθθ εθρθρθ ++−= − )ln()ln()1()ln( 1           (11 )  

 
w i th  θ>1  and  01 ≥> θρ ,  and  t he  se r ia l l y  unc or re la ted ,  ze ro-mean  

d i s tu rba nce  ε θ t  norma l l y  d is t r i bu ted  w i th  s tanda rd  de v ia t ion  σ θ .  
                  
I I I :  The  R e p rese n t a t i ve  F i n a l - Go o ds - P r od uc i ng  F i r m  
 

Dur i ng  each  per iod ,  t he  rep re sen ta t i ve  f i na l -goods -p roduc i ng 
f i rm s  u ses  Y t ( i )  un i ts  o f  each  in te rmed ia te  good  i ,  pu rcha sed  a t  
p r i ce  P t ( i ) ,  t o  manu fac tu re  Y t  un i t s  o f  t he  f i n ished  go od  acco rd ing  
t o  the  cons tan t  re t u rn s  to  sca le  techno logy  g i ven  by  
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Aga in  θ t  measue s  the  t ime -va ry ing  p r i ce  e las t ic i t y  o f  demand,  and  
ac ts  as  a  ma rk -up ,  o r  cos t -p ush ,  shock  fo l lo w ing  the  
au to reg ress i ve  p rocess  i n  equa t ion  (11 ) .  
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The  f ina l -go ods -p roduc ing  f i rm  then  see ks  t o  max imize  i t s  
p ro f i t s  by choos ing  
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f o r  a l l  i ,  whic h  con f i rms  tha t  θ t  measu res  the  t ime  va ry i ng  
e las t i c i t y  o f  demand  f o r  each  in te rmed ia te  good.  The  f i na l -goods -
p roduc in g  f i rm ’s  p ro f i t  i s  d r i ven  to  ze ro  i n  equ i l ib r i um t h ro ugh 
compet i t i on ,  the reby  de te rm in in g P t  as  
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 f o r  a l l  t .  
 
I V :  E q u i l i b r i u m C on d i t i o n s   
 

I n  e qu i l i b r ium,  the  i n te rmed ia te -good s-p roduc ing  f irms  ma ke  
i den t i ca l  cho ices ,  so  tha t  Y t ( i )= Y t ,  h t ( i )= h t ,  D t ( i )= D t  and P t ( i )= P t  
f o r  a l l  i  a nd  t .  Add i t i ona l l y ,  t he  marke t -c lear ing  cond i t i ons  
M t = M t - 1 + T t  and  B t = B t - 1 = 0  mus t  ho ld  i n  equ i l i b r i um  fo r  a l l  i  and 
t .  Now,  w i th  these  cond i t i on s  imposed,  equa t ions  (5 ),  (7 )  a nd  (9 )  
can  be  used  to  so l ve  f o r  W t / P t  ( rea l  wages ) ,  h t  (ho u rs  worked )  and  
D t / P t  ( rea l  p ro f i t s ) .  De f i n ing  π t  =  P t / P t - 1 ,  t he  g ross  i n f l a t i on  ra te  
fo r  a l l  t ,  t he  rep resen ta t i ve  h ouseho ld ’ s  budge t  c ons t ra in t  (3 )  can  
be  rewr i t ten  as   
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t he  Eu le r  equa t i on  ( 6 )  can  be  rewr i t ten  as  
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and  (11 ) ,  t he  i n te rmed ia te -goo ds -p roduc in g  f i rm ’s  fi r s t  o rde r  
cond i t i on s ,  can  be  w r i t t en  as  
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V :  Th e  Ou t pu t  Ga p  a n d  E f f i c i en t  A l l oc a t i on s  
 

F i r s t l y ,  c ons ide r  a  soc ia l  p lanne r ’s  p ro b lem.  Du r ing  each  
pe r i od  the  soc ia l  p lanne r  a l loca te s  n t ( i )  o f  la bou r  to  p roduce  Q t ( i )  
o f  each  i n te rmed ia te  goo d,  wh ich  i s  t hen  u sed  t o  p ro duce  Q t  o f  
t he  f i na l  good.  P roduc t i on  ta kes  p lace  us in g  the  same  p ro duc t ion  
tec hno log ies  n o ted  above .   

The  soc ia l  p lanne r  the re fo re  chooses  Q t  and  n t ( i )  so  as  to  
max im ize  t he  househo l d ’ s  we l fa re ,  wh ich  i s  measu red by  
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T he  f i r s t  o rde r  co nd i t i on  fo r  th i s  p rob lem de f i nes  Q t  as  
 

 ttt ZaQ η/1=  

 
T he re fo re ,  t he  e f f i c ie n t  le ve l  o f  ou tpu t  inc reases  th rough  a  
pos i t i ve  tec hno lo gy  o r  p re fe re nce  shock ,  and  does  no t  depend  on  
t he  cos t - push  shock .  The  ou tpu t  gap ,  x t ,  can  be  ca lcu la ted  as  
 
 )/()/1( /1

tttt ZYax η=              (15 )  

 
wh ich  i s  the  ra t i on  be tween  the  e f f i c i en t  an d  ac tual  le ve l  o f  
ou tpu t .  
 
V I :  L i n ear i z a t i o n  
 

Eq uat i ons  (4 ) ,  (8 ) ,  (11 )  and  (12 ) - (15 )  q uan t i f y  the beha v iou r  o f  
t he  f i ve  endogenous  va r ia b les  C t ,  Y t ,  r t ,  π t  and  x t ,  as  we l l  as  the  
exoge nous  shocks  a t ,  Z t  and  θ t .  Because  bo t h  ou tpu t ,  Y t ,  and  
consum pt ion ,  C t ,  i nhe r i t  a  un i t  roo t  f r om  e qua t ion  (8 ) ,  t hese  
va r iab les  a re  s tocha s t i ca l l y  de t rended  to  ac h ieve  sta t i ona r i t y .  
T he re fo re ,  y t = Y t / Z t  and  c t = C t / Z t ,  as  we l l  a s  the  o u tpu t  gap  x t  a re  
s ta t i ona ry.  The  g row t h  ra te  o f  ou t pu t  i s  de f i ned  as 

 

1/ −= ttt YYg                        (16 )  
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The  econom y con ve rge s  to  a  s teady  s ta te  whe re  a l l  sta t i ona ry  
va r iab les  a re  cons tan t  ove r  t ime  and amounts  t o  the remo va l  o f  
t he  t  subsc r ip t  f rom a l l  s ta t i ona ry va r iab les .  

De f ine  the  pe rcen tage  dev ia t i on  o f  eac h  va r iab le  f ro m i t s  
s teady s ta te  as   

  

 )/ln(ˆ uuu tt =   

 
w i th  u  =  y ,  c ,  π ,  r ,  x ,  g ,  a ,  θ ,  z  an d  u t  =  y t ,  c t ,  π t ,  r t ,  x t ,  g t ,  a t ,  θ t ,  
z t  respec t i ve l y .   

Now,  equa t ion  ( 12 )  i mp l i es  tha t  
tt cy ˆˆ = ,  wh i le  eq ua t i ons  (4 ) ,  (8 ) ,  

(11 )  and  (13 ) - (16 )  bec ome 
 

 attat aa ερ += −1ˆˆ              (17 )  

 ettet ee ερ += −1ˆˆ              (18 )  

zttz ε=ˆ               (19 )  

tatttttt aErxEx ˆ)1)(1()ˆˆ(ˆˆ 11 ρωπ −−+−−= ++          (20 )  

ttttt exE ˆˆˆˆ 1 −+= + ψπβπ             (21 )  

ttt ayx ˆˆˆ ω−=              (22 )  

tttt zyyg ˆˆˆˆ 1 +−= −              (23 )  

 
T he  new  parameters  ω  a nd  ψ  in  (20 ) ,  (21 )  and  (22 )  a re  de f ined  as  
ω= 1 /η  a nd  φθηψ )1( −=  a nd  ass i s t  i n  t he  em pi r i ca l  exe rc ise .  The  

cos t -push  shock  is  t rans fo rmed  a nd  de f ined  in  equa tion  ( 21)  as  

tte θφ ˆ)/1(ˆ =  so  tha t  θρρ =e
 i n  (18 )  and  the  se r ia l l y  unc o r re la ted ,  

ze ro -mean d i s t u rbance  ε e t  has  s tanda rd  dev ia t i on  θσφσ )/1(=e
.   

I n  th i s  sys tem,  equa t ions  (22 )  a nd  (23 )  de f i ne  ou tpu t  g ro wth  
and  the  ou t pu t  ga p ,  wh i l e  equa t io ns  (17 ) - (19 )  gove rn  the  
be ha v iour  o f  t he  th ree  ex oge nous  shocks .  E qua t ion  (20 )  i s  t he  so -
ca l le d  expec ta t i ona l  IS  cu rve ,  wh i le  equa t i on s  (21 ) i s  t he  New 
Ke ynes ia n  Ph i l i ps  cu r ve .        

 
V I I :  The  Cen t ra l  Ba nk  
 

The  cen t ra l  bank  cond uc ts  mo neta ry  po l ic y  fo l l ow in g a  
m od i f i ed  Tay lo r  ( 1993 )  ru le  

 

rttxtgttt xgrr ερρπρπ +++=− − ˆˆˆˆˆ 1           (24 )  

 
w i th  

tr̂ ,  
tπ̂ ,  

tĝ  and  
tx̂  de not in g  pe rcen ta ge  dev i a t i ons  f rom  s tea dy  

s ta te  o f  t he  sho r t - te rm  nomina l  i n te res t  ra te ,  in f la t i on ,  ou tpu t  
g row th  and  the  ou tpu t  gap  respec t i ve ly .  The  cen t ra l bank  ad j us ts  
t he  shor t - te rm  nomi na l  in te res t  ra te  i n  r espo nse  to moveme nts  in  
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t he  va r iab les  on  the  r i gh t  hand  s ide  o f  e qua t ion  (12 ) .  The  cen t ra l  
ba nk  t he re fo re  ta kes  respons i b i l i t y  fo r  choo s i ng  the  s teady  s ta te  
l eve l  o f  i n f la t i on ,  π .  I t  i s  unc lea r  whe t he r  i t  i s  more  app rop r ia te  
t o  de p ic t  t he  cen t r a l  ba nk  as  respond i ng  to  m ovements  i n  the  
ou tpu t  ga p  o r  ou tpu t  g row th  and  the re fo re  bo t h  a re  i nc l ude d  in  
t h is  po l i c y  ru le .  The  se r ia l l y  unc o r re la ted ,  ze ro -mean  d is tu rbance  
ε r t  i s  no rma l l y  d is t r i bu ted  w i th  s tandard  dev ia t i on  σ r .          
 
4 . 3  Ec o no m e tr i c  St r a te g y  a n d E mp i r i c a l  Re sul t s    
 

Eq uat i ons  (17 ) - (24)  now f o rm a  sys tem i n  t wo  unobserva b le  
va r iab les  (de t rended  ou tpu t  an d  t he  ou tpu t  gap ) ,  t hree  obse rva b le  
va r iab les  (ou t pu t  g row th ,  i n f l a t i on  and  the  sho r t - te rm n omi na l  
i n te res t  ra te )  and  fou r  unob servab le  shocks  (p re fe rence  sh ock ,  
t ec hno logy  shock ,  d es i red  mark -up  o r  cos t -push  shock  a nd 
m one ta ry  po l ic y  shoc k ) .  I re lan d  (2004 )  u t i l i ze s  a  mod i f i ca t i on  o f  
t he  B lanc ha rd -Kahn  (198 0 )  p rocedu re  to  so l ve  the  sys tem.  
Ka lman  f i l te r i ng  a lgo r i t hms  a re  then  used  to  es t imate  the  m ode l ’ s  
pa rame te rs  v ia  max im um l i ke l i hoo d  and  t o  e xp lo re  t he  be ha v iour  
o f  t he  mode l ’ s  unobse rvab le  va r iab le s  based  on  da ta c on ta i ned  in  
t he  th ree  obse rvab le  se r ies .  

The  ec onomet r i c  exe rc i se  uses  qua r te r l y  da ta  on  South  A f r i can  
va r iab les  f o r  t he  pe r iod  1981Q1 to  2005Q49.  Quar te r l y  changes  in  
seasona l l y  ad jus te d ,  rea l  GDP pe r  cap i ta  se rve  t o  measure  ou tpu t  
g row th ,  wh i le  qua r te r l y  changes  i n  the  GDP de f la to r p rov ides  a  
measu re  o f  i n f la t i on .  The  sho r t  te rm  n omina l  i n te res t  ra te  is  
cons t ruc ted  us ing  the  91-days  T reasu ry  B i l l  ra te ,  con ver te d  t o  a  
qua r te r l y  ra te .  

The  ma in  a im  o f  t h i s  exe rc ise  is  t o  de te rm ine  t he  ro le  p layed  
by  the  va r iou s  shocks  i n  d r i v in g f l uc tua t io ns  i n  b oth  t he  
obse rvab le  and  uno bse rvab le  va r iab les  in  the  mode l . To  t ha t  end  
equa t i ons  (20 )  and  (2 1 )  a re  mod i f ied  by  add in g  la gge d  ou t pu t  gap  
and in f l a t ion  te rms 

 

tatttttxtxt aErxExx ˆ)1)(1()ˆˆ(ˆ)1(ˆˆ 111 ρωπαα −−+−−−+= ++−         (25 )  

 
[ ] tttttt exE ˆˆˆ)1(ˆˆ 11 −+−+= +− ψπαπαβπ ππ           (26 )  

 
w i t h  α x  a nd  α π  b o th  l y ing  be t ween  0  and  1 .  Th is  m od i f i ca t i on  

ensu res  tha t  e s t i ma te s  o f  t he  fo rwa rd  l ook ing  spec if i ca t i on  do  no t  
fa lse l y  a t t r i bu te  d yna mics  in  the  da ta  t o  se r ia l  cor re la t io n  i n  t he  
shoc ks  when  these  dynamics  a re  more  accu ra te l y  model l ed  
t h rou gh  add i t iona l  f r i c t i ons  tha t  g i ve  r i se  to  backward  l ook ing  
be ha v iour  on  the  pa r t  o f  agen ts .  I f  the  da ta  p re fe rs  the  o r i g ina l  
fo rwa rd  lo ok i ng  spec i f i ca t io n  to  th is  m ore  ge nera l  spec i f i ca t i on ,  
α x  and  α π  a re  f ree  to  ta ke  on  a  va lue  o f  0 .  

                                                
9 See Data Appendix for a complete description of the data, sources and the construction of the data 
series used in the empirical excercise 
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Among the  pa rame te rs  i n  the  mode l , π  and  z  se rve  on l y  t o  p in  
down  t he  s teady  s ta te  va lues  o f  i n f l a t io n  and  ou tput  g rowth .  
T he re fo re ,  π  i s  se t  e qua l  t o  1 .026 829,  wh ich  i s  equa l  t o  t he  
a ve rage  i n f l a t i on  ra te  i n  the  da ta ,  and  t rans la tes  to  11 .1 7% when 
annua l ise d .  T he  paramete r  z  i s  se t  equa l  t o  1 .000 234,  ma tc h i ng 
a ve rage  ou t pu t  g ro w th  i n  the  da ta ,  and  t rans la tes  to  0 . 09 35% 
whe n annua l i sed .    

I n  s teady  s ta te ,  t he  sho r t - te rm  nom ina l  in te res t  rate  i s  
de te rm ined  as  r  =  π ( z /β ) ,  wh ich  t ra ns la tes  i n to  a  va l ue  f o r  β  o f  
0 . 995 .  T h is  ensu res  t ha t  the  sho r t - te rm  nomina l  i n te res t  ra te  is  
equa l  t o  1 .032341  wh ich  matches  the  ave ra ge  in  the  da ta  a nd  
t ran s la te s  to  13 .7 8% when annua l i sed .  

The  f i na l  ca l i b ra t ion  s tep  in vo l ves  t he  c oe f f i c i en t on  the  ou tpu t  
ga p  in  (24 ) ,  ψ .  Th i s  pa ramete r  i s  se t  equa l  t o  0 .1 ,  t he  same  va lue  
used  in  I re la nd  (20 02,  2 004 ) .  T h i s  va l ue  i s  chosen  s ince  in i t ia l  
es t ima t ion  exe rc ises  by  I re la nd  re su l ted  i n  un reasonab l y  sma l l  
es t ima te s  o f  ψ .  Gal i  an d  Ge r t l e r  (1999 )  show tha t  i n  s im p le r  NK 
m ode ls ,  a  se t t i ng  o f  ψ= 0.1  t rans la tes  i n to  a  s i t ua t i on  where  
i nd i v idua l  goods  p r ices  a re  rese t  eve ry  3 .7 4  qua r ters  (o r  a  l i t t l e  
m ore  f reque nt l y  than  o nce  a  yea r ) .  

W i t h  the  abo ve  men t i oned  pa rame te rs  he ld  f i xe d ,  Table  1  be low 
d i sp lays  the  resu l ts  o f  t he  es t imat i on  exe rc i se .  

 
Table 1 - Maximum Likelihood Estimates and Standard Errors 

Parameter Estimate Standard Error 
ω 0.0000 0.0842 
αx 0.1103 0.1414 
απ 0.0000 0.0986 
ρπ 0.0914 0.0182 
ρg 1.4937 0.3122 
ρx 0.3977 0.2312 
ρa 0.9207 0.0361 
ρe 0.0000 0.0984 
σa 0.0470 0.0189 
σe 0.0110 0.0010 
σz 0.0162 0.0039 
σr 0.0096 0.0022 

    
 
Now,  l ook ing  a t  t he  i nd i v i dua l  pa ramete rs ,  the  es t ima te  o f  ω  

i mp l i es  a  ve ry  l a rge  es t imate  o f  η  s ince  ω=  1 /η  and ind i ca tes  
ve ry  i ne la s t i c  l abou r  supp l y  i n  the  theo re t ica l  mo de l .  Ho weve r ,  in  
t he  empi r i ca l  mode l  w i t h  1.0/)1( =−= φθηψ  f i xed ,  ω  se rves  to  

de te rm ine ,  th rough  (2 2) ,  t he  ex ten t  to  wh ic h  the  p re fe rence  shock  
i mpac ts  on  t he  e f f i c ie n t  l e ve l  o f  ou tpu t  a nd  th rou gh th i s  t he  
ou tpu t  gap  ( I re land ,  2 004:  928 ) .  The  sma l l  es t ima te o f  ω  
t he re fo re  imp l i es  tha t  t he  da ta  p re fe r s  a  mode l  where  t he  
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p re fe rence  shock  has  a  neg l i g ib le  i n f l ue nce  on  the  e f f i c i en t  le ve l  
o f  ou tpu t .   

The  sma l l  and  s ta t i s t i ca l l y  i ns i gn i f i can t  es t ima te  o f  α x ,  and  an  
es t ima te  o f  α π  o f  c lose  to  ze ro ,  i s  ev i dence  f o r  t he  pu re l y  
fo rwa rd - l ook ing  spec i f i ca t i on  o f  t he  IS -  and  Ph i l l ips -cu rve s .  T he  
la rge  and s ta t i s t i ca l l y  s i gn i f i can t  es t imates  o f   ρ g  =  1 .4937  and  ρ x  
=  0 .39 77  im p ly  t ha t  t he  Rese rve  Bank  o f  Sou th  A f r i ca  has ,  a t  
l eas t  ove r  the  sam ple  pe r iod ,  responded  s t ro ng l y  to ou tpu t  g ro wth  
and  t he  ou tpu t  gap ,  wh i le  the  sma l le r  es t imate  ρ π  =  0 .0 914 
i mp l ies  t ha t  i t  ha s  pa i d  m uch  less  a t ten t i on  to  i n fl a t i on  
m oveme nt s  whe n  se t t i ng  mone ta r y  po l i c y .  The  es t imates  f o r  ρ a  
and  ρ e  imp l y  that ,  l i ke  the  mode l ’ s  techno logy  shock ,  t he 
p re fe rence  shoc k  is  h i gh l y  pe rs is ten t  wh i l e  the  c ost - push  shoc k  i s  
no t  pe rs is ten t  a t  a l l .  

F ina l l y ,  t he  es t i ma te s  f o r  σ a  =  0.04 70,  σ e  =  0.01 10, σ z  =  0 .0162 
and σ r  =  0.0096  a l l  appea r  re la t i ve l y  la rge  compared  t o  the ir  
s tandard  e r ro rs ,  imp l y ing  tha t  a l l  f ou r  shocks ,  an d no t  j us t  t he  
tec hno logy  sh ock ,  p la y  a n  im por tan t  r o le  i n  exp la i ni ng 
m oveme nt s  i n  the  da ta .  

The  d i scuss i on  above  shows  tha t  a l t hough  the  RBC type  
tec hno logy  shoc k  p la ys  a  ro le  i n  the  mode l  dynam ics,  t he  o the r  
shoc ks  –  p re fe rence ,  cos t -push  and  po l ic y  shocks  –  a l so  p lay  an  
i mpor tan t  ro le  i n  the  mo vement  o f  t he  va r iab les .  F igu res  1 .1  and  
1 . 2  sho w  the  impu lse  response s  o f  key  va r iab les  t o  a  one -
s tandard -de v ia t i on  shoc k .  

A  1 -s tan da rd -dev ia t i on  p re fe rence  shock  leads  t o  a  i nc rease  in  
ou tpu t  g rowth  o f  s l i gh t l y  m ore  than  16  bas is  po in ts,  o r  0 . 16%,  
and  the  an nua l i sed  in f l a t io n  ra te  i nc reases  by  a pp rox ima te l y  7  
ba s i s  po i n ts  bu t  t he n  fa l l s  sha rp l y .  Un der  t he  dynamics  o f  t he  
m ode l  t hese  mo veme nts  push  the  shor t - te rm  n omi na l  in te res t  ra te  
200  bas is  po in t s  above  s teady  s ta te ,  wh i le  the  ou tpu t  gap  
i nc rea ses  as  we l l .  

A  one -s tanda rd -dev i a t i on  co st -push  shoc k  inc rease  ou tpu t  
g row th  by  5 .5  bas is  p o in ts  and  reduces  in f l a t i on  b y 10 0  bas is  
po in t s .  Th is  l ea ds  t o  an  inc rease  in  the  sho r t - te rm nomina l  
i n te res t  ra te  o f  app rox ima te l y  2 .2  bas is  po i n t s .  The  ou t pu t  gap  
i nc rea ses  by  5 .5  bas is  p o in ts .  

F igu re  1 .2  shows t ha t  a  o ne -s ta nda rd -dev ia t ion  techno l ogy  
shoc k  leads  t o  a  i nc rease  i n  ou tpu t  g ro wth  and  a  dec rease  in  
i n f l a t i on  o f  abou t  35  and  100  bas is  p o in ts  respec t ive l y .  The  
sho r t - te rm in te re s t  ra te  dec reases  by  45  bas is  po i nts  and  the  
ou tpu t  gap  a l so  decreases .   

A  one-s tanda rd -dev ia t i on  po l i c y  shock  leads  to  a  dec rease  in  
ou tpu t  g rowth  and  in f la t i on  o f  a bou t  50  and  65  bas is  po i n ts  
respec t i ve l y .  The  sho r t - te rm  in te res t  ra te  decrea ses  by  19  bas is  
po in t s  and  the  ou tpu t  gap  a l so  dec reases .  

These  i mp u lse  resp onse  func t i ons  g i ve  an  i dea  o f  how  t he  
va r i ous  shocks  a re  i den t i f ied  i n  th is  es t imat ion  o f t he  NK m ode l .  
Bo th  the  p re fe rence  and cos t -push  shocks  l ead   
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F i g u r e  1 . 1  –  I m p u l s e  R e s p o n s e s :  P r e f e r e n c e  a n d  C o s t- p u s h  S h o c k s  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N o t e :  E a c h  f i g u r e  s h o w s  t h e  pe r c e n t a g e - p o i n t  c h a n ge  i n  e ac h  o f  t h e  
v a r i a b l e s  i n  r e s p o n s e  t o  a  1 - s t a n d a r d - d e v i a t i o n  s h oc k .  I n f l a t i o n  a n d  

i n t e r e s t  r a t e  e x p r e s s e d  i n  a n n u a l i s e d  t e r m s  
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F i g u r e  1 . 2  –  I m p u l s e  R e s p o n s e s :  T e c h n o l o g y  a n d  P o l ic y  S h oc k s  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N o t e :  E a c h  f i g u r e  s h o w s  t h e  pe r c e n t a g e - p o i n t  c h a n ge  i n  e ac h  o f  t h e  
v a r i a b l e s  i n  r e s p o n s e  t o  a  1 - s t a n d a r d - d e v i a t i o n  s h oc k .  I n f l a t i o n  a n d  

i n t e r e s t  r a t e  e x p r e s s e d  i n  a n n u a l i s e d  t e r m s 
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t o  an  inc rease  in  the  sho r t - te rm  n omi na l  i n te res t  ra te ,  w i th  ou tpu t  
g row th  i nc reas ing an d in f la t ion  dec reas ing i n  each  case .  

F igu re s  1 .1  and  1 .2  show  tha t  d i f f e re n t  shoc ks  d i f fe r  in  
i mpor tance  in  te rm s o f  exp la i n i ng  the  f l uc tua t ions  i n  these  key 
va r iab les .  Tec hno logy  shocks  domina te  movemen ts  in  ou tpu t  
g row th  and  the  ou tpu t  ga p ,  whe reas  cos t -push  shocks dom ina te  
m oveme nt s  i n  i n f l a t i on .  P re fe rence  shoc ks  ma ke  the ir  la rges t  
con t r i bu t ion  i n  exp la in ing  mo veme nts  i n  the  sho r t - te rm  n omina l  
i n te res t  ra te .  

Ta b le  2  decomposes  t he  fo recas t  e r ro r  va r ia nces  fo r ou tpu t  
g row th ,  i n f la t i on ,  t he  sho r t - te rm  i n te res t  ra te  a nd the  ou t pu t  gap  
i n to  com ponen ts  a t t r i bu tab le  to  each  o f  t he  fou r  exoge nous  
shoc ks .  

These  va r iance  decompos i t i ons  ve r i f y  the  f ind ings  in  the  above  
d i scuss ion .  These  dec ompos i t i ons  show  t ha t  t echno logy  shocks  
make  the i r  la rges t  con t r i bu t io n  i n  ou tpu t  g row th  and  the  ou tpu t  
ga p ,  a pp rox i ma te l y  48 % and  85%  re spec t i ve l y ,  as  i s  e v idence d  in  
F igu re s  1 .1  an d  1 .2 .  Howeve r ,  fo r  ou t pu t  g rowt h  we see  tha t  
po l i c y  shoc ks  account  f o r  a lmos t  t he  sa me  amount  o f va r ia t i on  as  
tec hno logy  shocks .  In  a l l ,  t he  va r iance  decomp os i t ions  ve r i f y  t he  
i mpu lse  resp onse  ana l ys is  i n  tha t  co s t -push  shocks  do mi na tes  in  
exp la i n i ng  movemen ts  i n  i n f l a t i on ,  wh i l e  p re fe rence shocks  a re  
m os t  impor tan t  i n  d r i v in g  c hange s  i n  the  sho r t - te rm nomi na l  
i n te res t  ra te .  

These  resu l t s  the re fo re  i nd i ca te  tha t  p re fe rence  shocks ,  cos t -
push  shoc ks  and  po l i c y  shocks ,  i n  add i t i on  to  tec hno lo gy  sh ocks ,  
p lay  an  impor tan t  ro le  i n  exp la in ing  t he  mo vements  i n  key  
economic  va r ia b les  a nd  tha t  i t  i s  un reasonab le  to  assume  tha t  
t ec hno logy  shocks  a lone  ca n  account  fo r  the  g rea test  par t  o f  t he  
m oveme nt  i n  mac roeco nomic  va r iab les .         
 
4 . 4  S o me  Ca ve a ts  
 

A l t hou gh  the  emp i r ica l  exe rc ise  i n  the  p rev ious  sect i ons  
p ro v ide  some  va luab le  i ns igh t  i n to  the  func t i on in g  o f  t he  Sou th  
A f r i can  econom y,  so me  i ssues  dese rve  ment ion ing .  

The  sam ple  s i ze  used  i n  t he  e xe rc i se  was ,  due  t o  data  
res t r i c t i ons ,  re la t i ve l y  sma l l .  Some  da ta  ser ies ,  espec ia l l y  f o r  the  
91 -da ys  T reasu ry  B i l l  ra te ,  we re  on l y  a va i l ab le  f rom 1981  to  
2005,  and  hence  the  sam ple  was  res t r i c ted  t o  th i s  pe r iod .  
Add i t iona l l y ,  t he  fac t  t ha t  t he  t h ree  se r ies  used  in  the  exe rc i se  
we re  cons t ruc ted  us ing  o t her  a va i l ab le  se r ies10,  mean  tha t  t he  da ta  
used  i s  on l y  a  rough  approx ima t ion  o f  the  t rue  va lues .  As  the  
pa rame te r  e s t ima tes  we re  no  doub t  i n f l ue nced  by  t hese  da ta  
res t r i c t i ons ,  i t  i s  nece ssa ry  to  con t inue  t he  sea rch  fo r  l onger ,  
m ore  accu ra te  se r ies  (o r  a t  l eas t  be t te r  app rox imations )  i n  o rde r  
t o  fac i l i ta te  mo re  accu ra te  es t ima t ion  and  e va lua t ion .   

The  es t i ma t i on  p rocedu re  i t se l f  ma y a l so  be  s l i gh t ly  i naccu ra te .       

                                                
10 See Data Appendix 
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Table 2 - Forecast Error Variance Decompositions 

Quarters 
Ahead 

Preference 
Shock 

Cost-push 
Shock 

Technology 
Shock 

Policy 
Shock 

  
Output 
Growth 

  

1 6.93 0.70 28.61 63.76 
4 5.47 0.52 46.35 47.66 
8 5.18 0.49 49.40 44.93 
12 5.14 0.49 49.71 44.66 
20 5.14 0.49 49.74 44.63 
40 5.14 0.49 49.74 44.63 
∞ 5.14 0.49 49.74 44.63 
     
  Inflation   
1 0.03 77.49 19.43 3.05 
4 0.04 61.76 33.02 5.18 
8 0.20 59.14 35.15 5.51 
12 0.36 58.78 35.32 5.54 
20 0.54 58.64 35.29 5.53 
40 0.61 58.60 35.26 5.53 
∞ 0.62 58.60 35.26 5.53 
     

  
Interest 

Rate 
  

1 97.08 0.00 2.52 0.40 
4 89.52 0.02 9.05 1.42 
8 91.37 0.01 7.45 1.17 
12 92.36 0.01 6.59 1.03 
20 93.04 0.01 6.01 0.94 
40 93.25 0.01 5.83 0.91 
∞ 93.26 0.01 5.82 0.91 
     
  Output Gap   
1 1.45 0.15 85.07 13.33 
4 1.24 0.15 85.25 13.36 
8 1.13 0.15 85.34 13.38 
12 1.14 0.15 85.34 13.38 
20 1.18 0.15 85.31 13.37 
40 1.20 0.15 85.29 13.37 
∞ 1.20 0.15 85.29 13.37 
Note: Forecast error variance in each variable at each fore- 
cast horizon is decomposed into percentages due to each 

       shock     
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Because  o f  t ime res t r i c t i ons ,  t he  necessa ry  tes t s  to  de te rm i ne  
whe the r  t he  va lue  fo r  t he  max im ized  l i ke l i hood  f unct i on  was  
i ndeed  t he  g loba l  m ax imum  cou ld  no t  be  ca r r ied  ou t . Aga in ,  
fu r the r  resea rch  i s  requ i red  to  en su re  tha t  t he  g loba l  max im um is  
reached  and accu ra te  pa ramete r  es t ima te s  ob ta ined .  A  f u tu re  
exe rc i se  ma y a l so  want  t o  i nves t i ga te  the  s ta b i l i t y o f  t he  
pa rame te r  es t ima tes  ove r  d i f f e ren t  samp le  pe r iods .  I re land  (20 04 )  
shows tha t  f o r  US da ta ,  pa rame te r  es t imate s  va ry  subs ta n t ia l l y  
ove r  samp le  pe r iods .  In  the  case  o f  Sou th  A f r ica ,  howeve r ,  such  
tes ts  co u ld  on l y  be  ca r r i ed  ou t  i f  l a rge r  and  more  accura te  
samples  we re  ava i l ab le .               

I re land  (2 004 )  a lso  a rgues  tha t  t he  bas ic  New Keynes ian  m ode l  
es t ima te d  i n  th i s  pape r  i gn o res  cap i ta l  accu mu la t i on  wh ich  i s  an  
i mpor tan t  p ropaga t ion  mec han ism f o r  tech no l ogy  shocks .  
Inco rpora t ing  ca p i ta l  acc umu la t i on  cou ld  i n f l uence  resu l ts  
d rama t ica l l y  a nd  rema i ns  a  task  fo r  t he  f u tu re .  Fu rthe rm ore ,  i t  
cou l d  be  a rgue d tha t  t he  add i t i ona l  shock s  i n t roduced  in  the  
m ode l  ( t he  p re fe rence ,  cos t -p ush  and  p o l i c y  shocks ) se rve  on l y  to  
“ soak  up”  t he  spec i f i ca t i on  e r ro r  i n  t he  mode l .  Bo th  t hese  
a rgumen ts  do  no t ,  howe ve r ,  de t rac t  f rom the  ma in  conc lus ion :  
spec i f i ca t i on s  tha t  go  beyond the  o r ig ina l  RBC m odels  can  
poss i b l y  be t te r  accoun t  fo r  m ovement  i n  mac roeconomic  va r ia b les  
t han  mode l s  wh ich  fea tu re  tech no l ogy shocks  a lone .         
  
5.  Conclusion 
 

Trad i t iona l  MEM ’s  p roved  i nva l uab le  in  the  de ve lopmen t  o f  
mac roeconomic s  as  a  sc ie nce  a nd  p rov ide d  a  f ra mework  f o r  
po l i c y  ana l ys is  t ha t  had  no t  ex is ted  be fo re  t he  1940 ’s .  The  
fundame nta l  f l a ws  tha t  we re  i de n t i f i ed  i n  th i s  approach  shou l d  in  
no  wa y  de t rac t  f rom  the  con t r ibu t i on  t hese  mode ls  ma de  to  ou r  
unders tand i ng o f  t he  econom y.   

The  ma in  goa l  o f  t h i s  pape r  was  to  exp lo re  the  “next  
ge ne ra t i on”  mode ls  tha t  eme rged  in  t he  a f te rmat h  o f the  Lucas  
and  S ims  c r i t i ques .  VARs,  RBC m ode ls  and  DSGE  m ode ls  
add ressed  some  o f  t he  c once rns  vo iced  by  Lucas  and  S ims ,  
p ro v id in g  a  ne w,  so l i d  f rame wo rk  fo r  exp lo r ing  t he  d r i v in g  f o rces  
be h i nd  econ omic  f l uc tua t ions  and  eva lua t in g  econo mic  po l i cy .  
DSGE m ode ls  i n  pa r t i c u la r  ho ld  much  p ro mise  fo r  t he fu tu re  o f  
mac roeconomic  resea rch  and  a re  inc reas i ng  i n  pop u lar i ty  am ong 
academics  and  mode l le rs  a l i ke .  There  i s  s t i l l  muc h room  fo r  
i mprovemen t  and  con t inued resea rch  in  t h i s  f i e ld  i s requ i r ed .  

A  seconda ry  goa l  o f  th i s  pape r  wa s to  p rov ide  an  exa mp le  o f  an  
es t ima te d  DSGE  mode l  f o r  t he  Sout h  A f r ican  ec onomy. T he  New 
Ke ynes ia n  m ode l  de ve loped  by  I r e lan d  (2004 )  wa s  re -es t ima ted  
us i ng  South  A f r i can  da ta  fo r  t he  per io d  1981Q1 t o  2005Q4.  Four  
exoge nous  d i s tu rbances  –  shocks  to  househo ld  p re fe rences ,  f i rms ’  
de s i red  mark -ups ,  p roduc t i v i t y  and  the  cen t ra l  bank’ s  m one ta ry  
po l i c y  ru le  –  compete  t o  p rov i de  exp lana t ions  f o r  economic  
f l uc tua t ions .  The  mode l  was  e s t i ma ted  us in g  max imum l i ke l ih ood 
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es t ima t ion  and  the  es t ima ted  m ode l  was  use d  to  gau ge  the  re la t i ve  
i mpor tance  o f  each  o f  t hese  d i s tu rbance s  in  d r i v in g econo mic  
f l uc tua t ions  in  Sou th  A f r i can  da ta .  I t  was  found  t ha t  t he  l i nk  
be tween  t he  New Keyn es ian  mode l  and  i ts  p redecesso rs ,  the  RBC 
m ode ls ,  was  weakene d.   

The  emp i r ica l  exerc i se  showed  t ha t ,  a pa r t  f rom techno logy  
shoc ks ,  va r ious  o t he r  shocks  p lay  an  impor tan t  ro le i n  e xp la in ing 
t he  mo vements  in  ke y  economic  va r iab les .  In  pa r t i cula r  i t  was  
shown  t ha t  t echno logy  shoc ks  and  mone ta r y  p o l i c y  shock s  p layed 
an  equa l  ro le  i n  exp la in ing  mo vements  in  ou tpu t  g rowt h ,  whe reas  
m oveme nt s  i n  in f l a t i on  and  the  sho r t - te rm  nomina l  in te res t  ra te  
was  la rge l y  e xp la ine d  b y  c os t -push  shocks  and  pre ference  shocks  
respec t i ve l y .  The se  re su l t s  show  tha t  re l y in g  so le ly  on  changes  in  
p roduc t i v i t y  to  e xp la in  move ment s  in  Sou th  Af r i can  da ta  canno t  
be  cond oned,  a nd  tha t  t he  o the r  shocks  con ta ined  in the  mode l  
p ro v ide  va l uab le  i ns i gh t  i n to  the  func t i on ing  o f  the  Sout h  A f r i can  
economy.            

I t  i s  i mpor tan t  t o  no te ,  once  aga in ,  t he  re s t r i c t i on  faced  du r i ng 
t h is  e xe rc i se .  The  re la t i ve l y  sma l l  sa mple  s i ze  and res t r i c ted  
access  to  acc u ra te  da ta  ma y ha ve  in f l uenced  the  es tima t ion  
p rocedure ,  wh ic h  may ha ve  resu l ted  i n  i naccura te  c onc lu s i on s.  I t  
i s  t he re fo re  im pera t i ve  t ha t  resea rch  in  th is  con tex t  shou ld  
con t inue  in  an  a t tempt  t o  im pro ve  on  the  accu racy  an d  con te n t  o f  
t he  conc lus ion s  d rawn  i n  th i s  pape r .  

DSGE mode ls ,  such  as  the  one  exp l o red  i n  th i s  pape r,  ho ld  the  
ke y  to  the  de ve lopment  o f  macroeconomics  a nd  ou r  unders tand in g  
o f  the  f unc t i on ing  o f  t he  ec onomy.  I t  i s  i mpe ra t i ve t ha t  r esea rch  
i n  th i s  f ie l d  mus t  con t i nue  in  a  per s i s ten t  a t tem pt a t  improv ing 
ou r  unde rs tand ing  o f  t he  economy.                
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DATA APPENDIX 
 

A l l  da ta  ser ies  we re  ob ta ine d  f ro m the  South  A f r i can  Re serve  
Ba nk  (SARB)  webs i te .   

Qua r te r l y  c han ge s  in  seaso na l l y  ad jus ted ,  rea l  GDP pe r  cap i ta  
was  cons t ruc ted  as  f o l l ows :  annua l  se r ies  on  seasona l l y  ad j us ted  
rea l  GDP an d  rea l  GDP pe r  cap i ta  we re  used  to  con s truc t  year l y  
es t ima te s  o f  t he  Sou th  A f r i can  popu la t i on .  Ann ua l  growt h  ra tes  i n  
t he  popu la t i on  we re  ca l cu la te d  and  c onve r ted  t o  e f fec t i ve  
qua r te r l y  ra tes .  T hese  ra te s  we re  used  to  cons t ruc t a  se r ies  f o r  
qua r te r l y  po pu la t i on  f i gu res ,  wh ich  we re  the n  u sed  to  cons t ruc t  a  
se r ie s  fo r  seasona l ly  ad j us ted ,  qua r te r ly  rea l  GDP pe r  cap i ta .  

Qua r te r l y  f i gure s  f o r  seasona l l y  ad jus ted ,  nomi na l  and  rea l  
GDP were  used  to  co ns t r uc t  t he  GDP de f la to r .  Quar ter l y  chan ges  
i n  th is  de f l a t o r  was  used  as  a  measure  o f  i n f la t i on.  The  91-days  
T rea su ry  B i l l  d i scoun t  ra te  was  used  to  cons t ruc t  a se r ies  f o r  t he  
sho r t - te rm  i n te res t  ra te .  The  e f fec t i ve  a nnua l  d i scount  r a te  was  
a ve raged  ove r  quar te rs  a nd  conve r ted  to  a n  e f fec t i ve  qua r te r l y  
ra te .      
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