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A b s t r a c t  

After being one of the fastest growing countries from the end of World War II to the beginning 
of the 80 s,  the B raz ilian G N P  p er work ing-age p erson drop p ed 3 0 %  below trend during the 80 s and 
9 0 s.  T he p resent study  inv estigates how much of this p erformance can be ex p lained by  the neoclassical 
growth model.  We found that the basic growth model,  with ex ogenous p roductiv ity  shock s,  can 
account for the actual decline in the B raz ilian real G N P  and consump tion p er work ing-age p erson for 
the p eriod 19 81-19 9 8.   O nce we correct for changes in the relativ e p rices of inv estment goods,  the 
model can also account for the behav ior of inv estment and cap ital stock .  H owev er,  the model does not 
p erform well with resp ect to the series of hours work ed.  We suggest that the imp lemented changes in 
the tax  sy stem and the mandatory  reduction in the work week  in the end of 19 80 s and beginning of the 
19 9 0 s could account for this discrep ancy  between the model and the data.  
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1. Introduction 
T h e  Braz il ian e c o no m y  e x p e rie nc e d  tw o  d is tinc t p e rio d s  af te r W o rl d  W ar I I . 

D uring th e  f irs t p e rio d ,  1 9 57-1 9 79 ,  Braz il  w as  o ne  o f  th e  f as te s t gro w ing c o untrie s . I n 
th e  s e c o nd  p e rio d ,  af te r 1 9 80 ,  th e  Braz il ian o utp ut e x p e rie nc e d  a l arge  d ro p . F igure  1  
s h o w s  th at th e  o utp ut p e r w o rk ing age  ( 1 0 -69 ) 1 p e rs o n is  m o re  th an 25%  b e l o w  tre nd . 

Braz il  is  in a d e p re s s io n. K e h o e  and  P re s c o tt ( 20 0 2,  p p . 8-1 0 )  d e f ine  a 
d e p re s s io n as  a l arge  and  p e rs is te nt d e v iatio n o f  aggre gate  o utp ut p e r w o rk ing age  
p e rs o n f ro m  its  tre nd ,  s uc h  th at it f al l s  at l e as t 1 5%  w ith in th e  f irs t d e c ad e  and  
re m ains  at l e as t 20 %  b e l o w  tre nd . T h e  Braz il ian G N P  p e r w o rk ing-age  p e rs o n 
d ro p p e d  b y  m o re  th an 1 5%  b e l o w  tre nd  d uring th e  1 9 80 s  and  re m aine d  25%  b e l o w  
tre nd  in th e  1 9 9 0 s  ( s e e  F igure  1 ) . 

 
F i g u r e  1  – D e t r e n d e d  G N P  p e r  W o r k i n g  a g e  P e r s o n ,  B r a z i l  ( 1 9 8 0 -1 9 9 8 )  
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I n th is  p ap e r,  w e  s tud y  th e  Braz il ian d e p re s s io n us ing a ge ne ral  e q uil ib rium  
gro w th  m o d e l . W e  f o l l o w  th e  l ine  o f  re s e arc h  b e gun b y  C o l e  and  O h anian’ s  ( 1 9 9 9 )  
anal y s is  o f  th e  G re at D e p re s s io n in th e  U nite d  State s . Many  auth o rs  h av e  s h o w n 
v ariants  o f  th e  ge ne ral  e q uil ib rium  gro w th  m o d e l  to  b e  us e f ul  f o r s tud y ing 
d e p re s s io ns ,  f ro m  th o s e  o f  th e  inte rw ar p e rio d  in E uro p e  and  N o rth  A m e ric a to  th o s e  

                                                                                                                                            
§ D ep artmento de E conomia,  Instituto B rasileiro de M ercados de C ap itais ( IB M E C ) ;  
arilton@ ibmecrj . br.  
1 We assume 10 -69  y ears instead of 15-65,  because we do not hav e such data.  
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e x p e rie nc e d  re c e ntl y  in J ap an and  L atin A m e ric a.2 Be rgo e ing,  K e h o e ,  K e h o e ,  and  
So to  ( 20 0 2a and  20 0 2b )  e x am ine  th e  d e p re s s io n o f  th e  C h il e an and  Me x ic an 
e c o no m ie s  in th e  1 9 80 s  and  1 9 9 0 s . K y d l and  and  Z araz aga ( 20 0 2)  anal y z e  th e  
A rge ntine an d e c l ine  in e c o no m ic  ac tiv ity  d uring 1 9 74-1 9 9 0 . 

W e  s h o w  th at th e  gro w th  m o d e l  c an re p l ic ate  Braz il ’ s  c o ntrac tio n in th e  1 9 80 s  
and  th e  1 9 9 0 s . T h e  s tand ard  gro w th  m o d e l  ge ne rate s  th e  ac tual  b e h av io r o f  o utp ut,  
c o ns um p tio n and  inv e s tm e nt. I t is  unab l e  to  re p l ic ate  th e  b e h av io r o f  h o urs  w o rk e d  
and  c ap ital  s to c k .  

H o w e v e r,  o nc e  th e  d ata w e re  c o rre c te d  f o r s ignif ic ant d is to rtio ns  o f  th e  
re l ativ e  p ric e  o f  inv e s tm e nt o b s e rv e d  in Braz il ,  th e re  is  s ignif ic ant im p ro v e m e nt o f  th e  
m o d e l ’ s  ab il ity  to  ge ne rate  th e  o b s e rv e d  d y nam ic s  o f  c ap ital  and  inv e s tm e nt. 

T h e  m o d e l  e c o no m y  f ail s  to  re p l ic ate  th e  d y nam ic s  o f  h o urs  w o rk e d ,  in 
p artic ul ar af te r 1 9 9 0 . W e  argue  th at ins titutio nal  c h ange s  intro d uc e d  b y  th e  Braz il ian 
C o ns titutio nal  re f o rm  in 1 9 88,  e s p e c ial l y  l im its  o n w e e k l y  w o rk  h o urs ,  h e l p  e x p l ain 
th e  re s ul ts . 

T h e  re s t o f  th e  p ap e r is  d iv id e d  as  f o l l o w s . Se c tio n 2 b rie f l y  p re s e nts  th e  m ain 
e m p iric al  e v id e nc e  o f  Braz il ’ s  “ l o s t d e c ad e ( s ) ”  o f  th e  1 9 80 s  and  th e  1 9 9 0 s . Se c tio n 3 
d e s c rib e s  th e  gro w th  ac c o unting e x e rc is e . Se c tio n 4 intro d uc e s  th e  s tand ard  gro w th  
m o d e l  us e d  f o r th e  num e ric al  e x p e rim e nts ,  th e  d e s c rip tio n o f  th e  c al ib ratio n 
p ro c e d ure ,  and  th e  num e ric al  e x p e rim e nt. I n Se c tio n 5 w e  d is c us s  s o m e  re m ark s  o n 
th e  inte rp re tatio n o f  th e  o b taine d  re s ul ts  as  w e l l  s o m e  p o s s ib l e  w ay s  to  s o l v e  th e  
p ro b l e m s  f o und  in th e  num e ric al  s im ul atio n o f  th e  s tand ard  m o d e l . Se c tio n 6 
c o nc l ud e s  b y  d is c us s ing th e  im p l ic atio ns  o f  th e  re s ul ts  f o r f uture  re s e arc h . 

2 . T h e  e m p irica l  f a cts  
A m o ng o th e r L atin A m e ric an c o untrie s ,  A rge ntina,  Me x ic o  and  C h il e  

e x p e rie nc e d  d e e p  d e p re s s io ns  d uring th e  1 9 80 s . A rge ntine an G N P  p e r w o rk ing age  
p e rs o n d ro p p e d  37%  b e l o w  tre nd  in 1 9 9 0  ac c o rd ing to  K y d l and  and  Z araz aga ( 20 0 2) . 
C h il e ’ s  o utp ut p e r w o rk e r f e l l  ap p ro x im ate l y  20 %  b e l o w  tre nd  in 1 9 83 and  Me x ic o ’ s  
f e l l  ab o ut 40 %  b e l o w  tre nd  in 1 9 9 3 ( Be rgo e ing,  K e h o e ,  K e h o e ,  and  So to ,  20 0 2a) . 

                                                 
2 F or ex amp le,  see the p ap ers in J anuary  2 0 0 2  issue of the R ev iew  of Economic D y namics and the M ay  
2 0 0 2  issue of the A merican Economic R ev iew .  
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I n te rm s  o f  its  p e rs is te nc e ,  th e  Braz il ian d e p re s s io n is  s im il ar to  th o s e  
e x p e rie nc e d  b y  Me x ic o  and  A rge ntina in th e  1 9 80 s  and  1 9 9 0 s  and  b y  N e w  Z e al and  
d uring th e  p e rio d  1 9 74-1 9 9 2.3 L ik e  th e s e  L atin A m e ric an c o untrie s ,  th e  Braz il ian 
c o ntrac tio n l as te d  at l e as t 1 0  y e ars  o r m o re  th an tw ic e  as  th e  U .S. G re at D e p re s s io n. 

A c c o rd ing to  th e  d e f initio n w e  us e ,  Braz il ’ s  is  no t a d e e p  d e p re s s io n w h e n 
c o m p are d  w ith  o th e r c o untrie s .4 F o r ins tanc e ,  C o l e  and  O h anian ( 1 9 9 9 )  re p o rt th at 
U .S. p e r w o rk ing age  aggre gate  o utp ut w e nt d o w n 38.3%  b e l o w  tre nd  in 1 9 33. 
A m aral  and  Mac G e e  ( 20 0 2)  s h o w  a d e v iatio n o f  40 .4%  b e l o w  tre nd  f o r C anad a in 
1 9 33. F o r E uro p e an c o untrie s  s uc h  as  G e rm any  and  F ranc e ,  p e r c ap ita G N P  f e l l  ab o ut 
32%  ( in 1 9 32)  and  33%  ( in 1 9 39 )  b e l o w  tre nd  re s p e c tiv e l y ,  ac c o rd ing to  F is h e r and  
H o rns te in ( 20 0 2)  and  Be aud ry  and  P o rtie r ( 20 0 2) . 

2 . 1 .  B r a z i l i a n  A g g r e g a t e  O u t p u t  a n d  i t s  C o m p o n e n t s  
I n th is  s e c tio n,  w e  anal y z e  Braz il ’ s  natio nal  ac c o unt d ata.5 Sinc e  w e  aim  to  

und e rs tand  th e  d e v iatio ns  f ro m  tre nd  o f  th e  m ain aggre gate  s e rie s ,  al l  d ata h av e  b e e n 
d e tre nd e d . T ab l e  1  p re s e nts  th e  d e tre nd e d  ind e x e s  o f  o utp ut p e r w o rk ing age  p e rs o n 
and  its  c o m p o ne nts . N um b e rs  in b o l d  are  th e  l o w e s t l e v e l  f o r e ac h  s e rie s  d uring th e  
p e rio d  1 9 9 0 -1 9 9 8. 

T h e  ab o v e  e m p iric al  e v id e nc e  s h o w s  a s h arp  d e c l ine  in th e  Braz il ian G N P  p e r 
w o rk ing age  p e rs o n. I n 1 9 9 2,  tw e l v e  y e ars  af te r th e  b e ginning o f  th e  c o ntrac tio n,  th e  
G N P  p e r w o rk ing age  p e rs o n w as  26.5%  b e l o w  tre nd . T h e re  are  tw o  s ub -p e rio d s  
w h e n th e  e c o no m y  s h o w s  s o m e  s igns  o f  re c o v e ry :  d uring 1 9 85-1 9 88 and ,  m uc h  m o re  
tim id l y ,  f ro m  1 9 9 3 to  1 9 9 7. H o w e v e r,  th e s e  re c o v e rie s  w e re  no t ab l e  to  b ring th e  
e c o no m y  b ac k  to  tre nd . A t th e  e nd  o f  th e  1 9 9 0 s ,  th e  Braz il ian e c o no m y  w as  s til l  
26.4%  b e l o w  tre nd . 

                                                 
3 F or this case refer to K ehoe and P rescott ( 2 0 0 2 ) .  
4 T he B raz ilian ex p erience shows that G N P  p er work ing age p erson has a trend of ap p rox imately  
2 . 55% ,  imp lied by  a growth rate of total factor p roductiv ity  ( T F P )  of 1. 6%  for the p eriod 19 50 -19 79 .  
Although this trend ap p ears to be much higher than the one corresp onding to other L atin American 
countries as Argentina,  C hile and M ex ico,  it is consistent with the fact that B raz il was the L atin 
American growth leader from the 19 50 s up  to the 19 70 s.  F or ex amp le,  the B raz ilian income grew at 
rates significantly  higher than the U . S .  during the p eriod 19 52 -19 80 ,  from ap p rox imately  15%  of U S  
p er cap ita G D P  reaching almost 3 2 %  in 19 80 .  T his shows a conv ergence p ath for the B raz ilian 
economy  until 19 80 .  T his imp lies that the dep ression in B raz il is bigger when is considered the 
conv ergence p ath of the economy ,  i. e.  when using the 2 . 55%  instead of 2 . 0 0 % .  F or ex amp le,  for the 
2 . 55%  trend the dep ression in 19 9 8 reach a trend dev iation of 66. 87% ,  while for 2 %  trend the figure is 
73 . 67% .   
5 S ee the ap p endix  for more detail about the B raz ilian data.  
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A l l  c o m p o ne nts  re m ain b e l o w  tre nd  e x c e p t f o r go v e rnm e nt c o ns um p tio n,  
w h ic h  inc re as e d  m o re  th an 35%  ab o v e  tre nd ,  f ro m  1 9 81  to  1 9 9 8. T h e  im p o rts  f al l  
m o re  th an 60 %  b e l o w  tre nd  f ro m  1 9 80  to  1 9 89  and  re m aine d  ab o ut 35%  b e l o w  tre nd  
in th e  1 9 9 0 s . T h e  e x p o rts  ind e x  d ro p  43%  b e l o w  tre nd  in 1 9 9 6.  

 
 

Ta b l e  1  – D e t r e n d e d  P e r  W o r k i n g  A g e  P e r s o n  O u t p u t  a n d  C o m p o n e n t s ,  1 9 8 1 -
1 9 9 8   ( 1 9 8 0  =  1 0 0 )  

 
 C o n s u m p t i o n  F o r e i g n  t r a d e  

Y e a r s  G N P  N o n d u r .  D u r a b l e s  T o t a l  
I n v e s t .  

P r i v a t e  
I n v e s t .  

G o v ’ t  
I n v e s t .  

G o v ’ t  
C o n s u m p .  

I m p o r t s  E x p o r t s  

19 81 9 3 . 3  9 3 . 6 82 . 7 88, 8 9 1. 7 10 2 . 9  9 5. 0  81. 3  9 7. 6 
19 82  9 5. 0  9 6. 7 9 7. 5 88, 3  86. 4  9 5. 3  10 4 . 5 70 . 3  80 . 7 
19 83  83 . 6 89 . 0  83 . 3  63 , 4  60 . 3  65. 5 89 . 1 67. 6 10 7. 0  
19 84  85. 7 87. 8 9 8. 1 66, 6 56. 5 69 . 2  77. 7 60 . 5 12 9 . 1 
19 85 88. 4  84 . 6 9 0 . 5 84 , 1 72 . 9  86. 7 9 5. 0  55. 5 119 . 6 
19 86 9 0 . 1 86. 5 10 0 . 2  82 , 1 70 . 6 117. 3  10 4 . 7 50 . 7 87. 8 
19 87 9 1. 3  81. 7 84 . 5 84 , 9  82 . 9  12 0 . 8 12 2 . 7 4 8. 8 9 3 . 0  
19 88 9 2 . 8 83 . 3  73 . 7 81, 9  83 . 9  117. 4  12 3 . 2  4 4 . 3  10 5. 8 
19 89  87. 9  73 . 1 69 . 1 84 , 8 9 1. 9  10 8. 9  13 6. 8 3 9 . 2  80 . 1 
19 9 0  78. 9  64 . 2  65. 2  64 , 5 62 . 6 10 7. 8 13 6. 1 4 8. 3  64 . 0  
19 9 1 76. 5 67. 1 53 . 9  63 , 3  60 . 2  9 2 . 4  114 . 4  53 . 2  71. 0  
19 9 2  73 . 5 65. 2  50 . 1 56, 1 53 . 0  10 6. 2  110 . 3  53 . 9  80 . 9  
19 9 3  73 . 7 66. 1 50 . 6 63 , 2  61. 5 9 9 . 5 12 9 . 8 59 . 0  79 . 1 
19 9 4  75. 7 70 . 0  59 . 0  68, 2  64 . 3  113 . 8 13 4 . 0  60 . 5 71. 0  
19 9 5 75. 9  70 . 3  63 . 7 69 , 8 67. 1 80 . 1 13 9 . 0  62 . 8 59 . 2  
19 9 6 75. 0  67. 2  59 . 7 66, 8 65. 6 72 . 0  14 8. 4  58. 1 57. 0  
19 9 7 75. 7 68. 4  59 . 7 69 , 1 69 . 0  69 . 7 14 4 . 2  65. 4  62 . 2  
19 9 8 73 . 6 67. 9  52 . 6 63 , 6 65. 5 67. 4  13 9 . 2  62 . 4  58. 8 

N ote:  All v ariables are detrended by  2 %  growth rate of outp ut p er work ing age p erson. .  S ee the data 
ap p endix  for details on these series.  N ondur.  is the consump tion of non-durables.  
 

T ab l e  2 s h o w s  aggre gate  c o ns um p tio n,  inv e s tm e nt,   go v e rnm e nt e x p e nd iture s ,  
e x p o rts  and  im p o rts  as  a s h are  o f  G D P  f o r th e  p e rio d  1 9 80 -1 9 9 8. A ggre gate  
c o ns um p tio n d ro p s  f ro m  59 %  in 1 9 80  to  50 %  in 1 9 9 0  and  s til l  in 1 9 9 8 d o e s  no t 
re c o v e r to  th e  1 9 80 ’ s  s h are . I nv e s tm e nt,  o n th e  o th e r s id e ,  s tarts  w ith  a 34%  s h are  in 
1 9 80 ,  it f al l s  to  27%  in th e  initial  y e ars  o f  d e p re s s io n,  and  re turne d  to  th e  s am e  l e v e l  
o f  1 9 80  in 1 9 89 . I n th e  ne x t e igh t y e ars ,  inv e s tm e nt d ro p s  to  27%  in 1 9 9 2,  th e  s am e  
f igure  o f  83 and  84,  and  th e n ris e s  to  ab o ut 30 %  o f  o utp ut in 1 9 9 5-1 9 9 8 p e rio d . T h is  
m o d e s t d ro p  in th e  inv e s tm e nt s h are  l e d  to  th e  ris e  o f  th e  c ap ital  s to c k  in th e  
s ub s e q ue nt tim e  p e rio d  ( s e e  T ab l e  3) .6 I t is  no te w o rth y  th at go v e rnm e nt’ s  e x p e nd iture  
                                                 
6 F or understand the behav ior of inv estment share we can comp are with the U S  G reat D ep ression.  As 
rep orted by  C ole and O hanian ( 19 9 9 ,  T able 3 ) ,  the inv estment share drop  from 2 5%  of outp ut in 19 2 9  
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s h are  in aggre gate  o utp ut s te ad il y  inc re as e s  f ro m  1 9 80  to  1 9 9 8. I m p o rts  and  e x p o rts  
d o  no t s h o w  a c l e ar p atte rn and  re m ain in 1 9 9 8 at ab o ut th e  s am e  l e v e l  as  in 1 9 80 . I n 
th e  c as e  o f  e x p o rts ,  th is  c o m p o ne nt o f  o utp ut ro s e  in th e  f irs t y e ars  o f  th e  d e p re s s io n 
b ut re turn to  th e  1 9 80  l e v e l  in 1 9 86.  

Ta b l e  2  – C o m p o s i t i o n  o f  o u t p u t  ( a s  s h a r e s  o f  G D P ) ,  1 9 8 0 -1 9 9 8  
Y e a r s  C o n s u m p t i o n  I n v e s t m e n t  G o v ’ t  c o n s .  I m p o r t s  E x p o r t s  
19 80   0 , 59   0 , 3 4   0 , 0 9   0 , 11  0 , 0 9  
19 81  0 , 59   0 , 3 2   0 , 0 9   0 , 10   0 , 0 9  
19 82   0 , 59   0 , 3 2   0 , 10   0 , 0 8  0 , 0 8 
19 83   0 , 61  0 , 2 7  0 , 10   0 , 0 9   0 , 11 
19 84   0 , 59   0 , 2 7  0 , 0 8  0 , 0 8  0 , 13  
19 85  0 , 55  0 , 3 0   0 , 10   0 , 0 7  0 , 12  
19 86  0 , 56  0 , 3 1  0 , 11  0 , 0 6  0 , 0 9  
19 87  0 , 53   0 , 3 2   0 , 12   0 , 0 6  0 , 0 9  
19 88  0 , 53   0 , 3 0   0 , 12   0 , 0 5  0 , 10  
19 89   0 , 51  0 , 3 4   0 , 15  0 , 0 5  0 , 0 9  
19 9 0   0 , 50   0 , 3 0   0 , 16  0 , 0 7  0 , 0 8 
19 9 1  0 , 54   0 , 2 8  0 , 14   0 , 0 8  0 , 0 9  
19 9 2   0 , 54   0 , 2 7  0 , 14   0 , 0 9   0 , 10  
19 9 3   0 , 53   0 , 2 8  0 , 16  0 , 0 9   0 , 10  
19 9 4   0 , 54   0 , 2 9   0 , 16  0 , 0 9   0 , 0 8 
19 9 5  0 , 55  0 , 3 0   0 , 17  0 , 0 9   0 , 0 7 
19 9 6  0 , 54   0 , 3 0   0 , 18  0 , 0 9   0 , 0 7 
19 9 7  0 , 55  0 , 3 0   0 , 18  0 , 10   0 , 0 8 
19 9 8  0 , 56  0 , 2 9   0 , 18  0 , 10   0 , 0 7 

N ote:  C onsump tion here is the consump tion of non-durables.  
Inv estment is adds the consump tion of durables and inv entories.  G ov ’ t 
cons.  is the gov ernment consump tion in goods and serv ices.  All 
v ariables are shares of G D P  at 19 9 8 p rices.    

 
T ab l e  3 p re s e nts  d e tre nd e d  aggre gate  o utp ut ( G N P )  and  inp uts  ( p e r w o rk ing 

age  p e rs o n) ,  th e  c ap ital  o utp ut ratio  ( K / Y ) ,  th e  p ro d uc tiv ity  o f  h o urs  w o rk e d  ( Y / H )  
and  th e  p e rc e ntage  o f  ind us trial  c ap ac ity  util iz atio n. D uring th e  th re e  f irs t y e ars  o f  th e  
c o ntrac tio n,  h o urs  w o rk e d  and  c ap ital  d o  no t f al l  b e l o w  tre nd ,  unl ik e  G N P . T h e  l atte r 
f al l s  as  m uc h  as  36.5%  b e l o w  tre nd  in 1 9 9 2 and  re m ains  m o re  th an 20 %  b e l o w  tre nd  
f ro m  th e n o n.   

 
Ta b l e  3  – A g g r e g a t e  O u t p u t  a n d  I n p u t s  

           ( I n d e x ,  1 9 8 0  =  1 0 0 )  
 

Y e a r s  G N P  C a p i t a l  K / Y  H o u r s  A v e r a g e  Y / H  I n d u s t r i a l  

                                                                                                                                            
to 8%  in 19 3 2 .  T his figure rep resents a drop  of 68%  of inv estment share.  In the first y ears of B raz ilian 
crises the inv estment share drop s 2 1% ,  than we can state that the drop  of inv estment share was modest 
in the B raz ilian dep ression.  
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w e e k l y  h o u r s  c a p a c i t y  
u t i l i z a t i o n  ( % )  

19 80  10 0 , 0  10 0 , 0  1 , 9 8  10 0 , 0  10 0 , 0  10 0 , 0 0  84 , 0  
19 81 9 3 , 3  10 5, 7 2 , 2 4  10 4 , 2  9 9 , 3  89 , 51 78, 0  
19 82  9 5, 0  10 8. 1 2 , 2 5 10 7, 2  9 9 , 2  88, 60  76, 0  
19 83  83 , 6 10 9 . 8 2 , 60  10 5, 2  9 8, 6 79 , 53  73 , 0  
19 84  85, 7 10 8. 3  2 , 50  10 7, 0  9 9 , 2  80 , 0 5 74 , 0  
19 85 88, 4  10 8. 3  2 , 4 2  111, 7 9 9 , 1 79 , 16 78, 0  
19 86 9 0 , 1 110 . 9  2 , 4 3  112 , 3  9 9 , 0  80 , 2 1 83 , 0  
19 87 9 1, 3  110 . 2  2 , 3 9  112 , 9  9 8, 4  80 , 86 81, 0  
19 88 9 2 , 8 111. 3  2 , 3 7 112 , 4  9 8, 1 82 , 56 80 , 0  
19 89  87, 9  112 . 5 2 , 53  112 , 4  9 7, 3  78, 2 4  81, 0  
19 9 0  78, 9  114 . 5 2 , 87 112 , 4  9 7, 3  70 , 2 1 74 , 0  
19 9 1 76, 5 111. 7 2 , 89  10 9 , 0  9 5, 9  70 , 2 0  75, 0  
19 9 2  7 3 , 5  110 . 7 2 , 9 8 10 5, 8 9 4 , 4  6 9 , 4 7  7 2 , 0  
19 9 3  73 , 7 10 7. 1 2 , 88 10 3 , 6 9 3 , 7 71, 14  77, 0  
19 9 4  75, 7 10 6. 2  2 , 78 10 2 , 7 9 3 , 5 73 , 67 80 , 0  
19 9 5 75, 9  10 5. 9  2 , 76 10 1, 9  9 3 , 2  74 , 54  83 , 0  
19 9 6 75, 0  10 5. 9  2 , 79  9 7, 7 9 3 , 4  76, 73  82 , 0  
19 9 7 75, 7 1 0 5 . 6  2 , 76 9 7, 0  9 3 , 1 78, 0 0  83 , 0  
19 9 8 73 , 6 10 6. 0  2 , 85 9 6 , 7  9 2 , 6  76, 15 82 , 0  

N ote:  G N P ,  C ap ital,  ( total work ed)  H ours are series p er work ing age p erson,  Av erage week ly  hours 
work ed is a lev el index  ( 19 80 = 10 0 )  and Industrial cap acity  utiliz ation is a p ercentage measure.  K / Y  
denotes the cap ital outp ut ratio and Y / H  the index  of hours work ed p roductiv ity .  G N P  and cap ital are 
detrended by  2 %  growth rate of outp ut p er work ing age p erson.  

 
O n th e  o th e r h and ,  th e  inp ut s e rie s  ( m e as ure d  in te rm s  o f  p e r w o rk ing age  

p e rs o n)  m o v e  in o p p o s ite  d ire c tio ns  f ro m  tre nd . C ap ital  m o v e s  ab o v e  tre nd  w h il e  to tal  
h o urs  w o rk e d  s h o w s  a c l e ar d e c l ine ,  f al l ing 31 .1 %  b e l o w  tre nd  in 1 9 9 8. T h e  ind e x  o f  
av e rage  w e e k l y  h o urs  w o rk e d  d ro p s  2.7%  f ro m  1 9 80  to  1 9 9 0 ,  1 .9 %  f ro m  1 9 80  to  
1 9 88 and  m o re  s ignif ic antl y ,  4.8% ,  f ro m  1 9 89  to  1 9 9 8. I nd us trial  c ap ac ity  util iz atio n 
s tarts  at 84%  in 1 9 80  and  s l id e s  to  72%  b y  1 9 9 2 and  re c o v e rs  to  82%  in 1 9 9 8. 

C ap ital  inte ns ity  ( K / Y )  inc re as e s  m o re  th an 26%  f ro m  1 9 80  to  1 9 84,  k e e p ing a 
s h are  o f  ap p ro x im ate l y  2.45 f ro m  1 9 85 to  1 9 89 . W ith  a 1 6%  j um p  f ro m  1 9 89  to  1 9 9 0 ,  
th is  ratio  re m ains  at ab o ut 2.8 in th e  1 9 9 0 s . T h e  ind e x  o f  p ro d uc tiv ity  d e c l ine s  m o re  
th an 30 %  f ro m  1 9 80  to  1 9 9 2. E v e n th o ugh  th is  ind e x  s l igh tl y  im p ro v e s  d uring th e  l ate  
1 9 9 0 s ,  it s til l  re m ains  al m o s t 24%  b e l o w  tre nd  in 1 9 9 8.   

F igure  3 b e l o w  d e p ic ts  th e  d y nam ic s  o f  d e tre nd e d  aggre gate  o utp ut,  c ap ital  
and  av e rage  h o urs  w o rk e d ,  al l  in te rm s  o f  p e r w o rk ing age  p e rs o n,  f ro m  1 9 80  to  1 9 9 8. 
T h e  c o ntrib utio ns  o f  th e  tw o  inp uts  f ail  to  d riv e  up  aggre gate  o utp ut. T h e  d e c l ine  in 
o utp ut and  th e  ris e  in c ap ital  and  l ab o r inp uts  im p l y  a l arge  d ro p  in th e  to tal  f ac to r 
p ro d uc tiv ity  ( s e e  F igure  4) . 
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F i g u r e  3  – D e t r e n d e d  O u t p u t ,  H o u r s ,  a n d  C a p i t a l  S e r i e s  

1980 1982 1984 1986 1988 1990 1992 1994 1996 19987 0
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H o u r s

C a p i t a l

O u t p u t

 T h e  ne x t s e c tio n is  d e v o te d  to  q uantif y ing th e  c o ntrib utio n o f  th e s e  inp uts  and  
to tal  f ac to r p ro d uc tiv ity  in o rd e r to  und e rs tand  th e  nature  o f  th e  Braz il ian d e p re s s io n 
us ing a s tand ard  gro w th  ac c o unting e x e rc is e . 

3. G row th  a ccounting   
Braz il ian N atio nal  I nc o m e  A c c o unts  d ata id e ntif ie s  th e  c ap ital  s h are  o f  th e  

e c o no m y  to  b e  ab o ut 50 %  o f  o utp ut. T h is  m e as ure  s e e m s  to  b e  q uite  h igh  ac c o rd ing to  
th e  inte rnatio nal  e v id e nc e  ( s e e  G o l l in,  20 0 2) . Mo re o v e r,  th e re  is  s ignif ic ant 
unre p o rte d  inc o m e  ge ne rate d  b y  s e l f -e m p l o y e d  and  f am il y  w o rk e rs . T h e re f o re ,  w e  
ad j us t th e  c ap ital  s h are  to  ac c o unt f o r th is  unre p o rte d  inc o m e . W e  im p l e m e nt an 
ap p ro x im atio n m e th o d  s ugge s te d  b y  G o l l in ( 20 0 2)  and  b y  Y o ung ( 1 9 9 5,  p . 655)  f o r 
E as t A s ian c o untrie s  us ing th e  Braz il ian h o us e h o l d  inc o m e  s urv e y  ( P N A D / I BG E ) . 
W e  f ind  th at th e  c ap ital  s h are  f o r Braz il  s h o ul d  b e  ap p ro x im ate l y  35 p e rc e nt. U s ing 
th is  p aram e te r v al ue  in th e  aggre gate  C o b b -D o ugl as  f unc tio n b e l o w ,  w e  p e rf o rm  a 
gro w th  ac c o unting e x e rc is e  to  id e ntif y  th e  c o ntrib utio n o f  c ap ital  ac c um ul atio n,  
p ro d uc tiv ity  and  l ab o r inp ut re s p e c tiv e l y ,  in th e  p e rf o rm anc e  o f  th e  Braz il ian 
e c o no m y . 

θθ −

=
1
tttt HKAY                ( 1 )  

tY d e no te s  aggre gate  o utp ut, tK c ap ital  s to c k ,  tH  to tal  h o urs  w o rk e d ,  and tA total 
f ac tor  p r od u c ti v i ty  ( T F P ) .  
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T ak i n g  n atu r al log ar i th m s  of  th e  ab ov e  p r od u c ti on  f u n c ti on  an d  r e ar r an g i n g  
te r m s  as  i n  H ay as h i  an d  P r e s c ott ( 2 0 0 2 ) ,  w e  ob tai n  th e  f ollow i n g  e x p r e s s i on :  





+


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t

t

t

t
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Y lnln

1
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1
1ln

θ
θ

θ
         ( 2 )  

w h e r e  tN  d e n ote s  th e  w or k i n g  ag e  p op u lati on .  F r om  e q u ati on  ( 2 ) ,  th e  c h an g e  i n  r e al 
G D P  p e r  c ap i ta ov e r  th e  p e r i od  t to t+ s  c an  b e  e x p r e s s e d  as :  
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θ      ( 3 )  

w h e r e  th e  te r m s  on  th e  r i g h t-h an d  s i d e  of  th i s  e q u ati on ,  f r om  le f t to r i g h t,  ar e  th e  
c on tr i b u ti on  to g r ow th  of  c h an g e s  i n  T F P ,  i n  c ap i tal i n te n s i ty  an d ,  i n  h ou r s  w or k e d  
p e r  w or k i n g -ag e  p e r s on  r e s p e c ti v e ly .  O n  a b alan c e d  g r ow th  p ath ,  th e  s e c on d  an d  th e  
th i r d  te r m s  ar e  e q u al to z e r o on c e  th e  c ap i tal-ou tp u t r ati o an d  th e  h ou r s  w or k e d  p e r  
w or k i n g -ag e  p e r s on  ar e  c on s tan t,  h e n c e  all g r ow th  i s  attr i b u te d  to c h an g e s  i n  T F P  f or  
th e  g r ow th  ac c ou n ti n g  e x e r c i s e .  T h e r e f or e ,  as  i n  B e r g oe i n g ,  K e h oe ,  K e h oe ,  an d  S oto 
( 2 0 0 2 ) ,  i t i s  as s u m e d  i n  th i s  n u m e r i c al e x e r c i s e  th at c h an g e s  i n  ou tp u t n ot r e late d  to 
c h an g e s  i n  T F P  ar e  as s oc i ate d  to d e v i ati on s  of  i n v e s tm e n t an d  w or k  e f f or t d e c i s i on s  
f r om  th e i r  r e s p e c ti v e  b alan c e d -g r ow th  b e h av i or .  

T ab le  4  b e low  p r e s e n ts  th e  g r ow th  ac c ou n ti n g  f or  B r az i l.  O v e r  th e  p e r i od  
1 98 0 -1 998 ,  th e  B r az i li an  e c on om y  g r e w  at an  an n u al r ate  of  0 . 2 8 %  ( p e r  w or k i n g  ag e  
p e r s on ) ,  w e ll b e llow  th e  av e r ag e  an n u al g r ow th  r ate  of  4 . 2 5 %  ob s e r v e d  f r om  1 95 0  to 
1 98 0 .  T h i s  p e r f or m an c e  c an  b e  attr i b u te d  to a n e g ati v e  –0 . 6 2 %  c on tr i b u ti on  of  T F P ,  
1 . 0 9%  g r ow th  of  th e  c ap i tal ou tp u t r ati o an d ,  –0 . 1 8 %  c h an g e  i n  h ou r s  w or k e d  p e r  
w or k i n g  ag e  p e r s on .   

D u r i n g  th e  f i r s t s u b -p e r i od  1 98 0 -1 98 8  th e  e c on om y  s tag n ate d ,  g r ow i n g  at an  
an n u al r ate  of  1 . 0 6 % .  T h i s  p e r f or m an c e  w as  d r i v e n  m os tly  b y  th e  m or e  i n te n s i v e  u s e  
of  i n p u ts .  T h i s  i s  s h ow n  b y  th e  p os i ti v e  g r ow th  r ate s  of  th e  c ap i tal-ou tp u t r ati o 
( 1 . 2 2 % )  an d  th e  h ou r s  w or k e d  ( 1 . 4 7 % ) ,  w h i c h  c om p e n s ate  a n e g ati v e  c on tr i b u ti on  of  
T F P  ( -1 . 6 3 % ) .  

F r om  1 98 9 to 1 992 ,  th e  B r az i li an  e c on om y  s h r u n k .  P e r  c ap i ta G D P  g r e w  at a 
n e g ati v e  r ate  of  -4 . 0 0 % .  D u r i n g  th i s  p e r i od ,  c ap i tal i n te n s i ty  g r e w  b y  2 . 94 %  b u t w as  
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c om p le te ly  of f s e t b y  ( i )  a s i g n i f i c an t n e g ati v e  c on tr i b u ti on  of  T F P  ( -4 . 92 % )  an d  ( i i )  i n  
th e  h ou r s  p e r  w or k i n g  ag e  ( -0 . 0 2 % ) .  

F i n ally ,  th e  s u b -p e r i od  1 993 -1 998  ap p e ar s  to b e  a r e c ov e r y  p e r i od .  P e r  
w or k i n g  ag e  G N P  g r e w  at 1 . 96 % .  C on tr ar y  to p r e v i ou s  s u b -p e r i od s ,  th e  T F P  g r ow th  
r ate  of  3 . 4 5 %  c om p le te ly  of f s e t th e  s m all b u t n e g ati v e  c on tr i b u ti on s  of  i n p u ts  g r ow th  
r ate ,  i . e .  K / Y  ( -0 . 1 1 % )  an d  H / N  ( -1 . 3 8 % ) .  

 
T a b l e  3 .  G r o w t h  A c c o u n t i n g  (% ) ,  B r a z i l  (1 9 8 0 -1 9 9 8 )  

Period Y / N  T F P K / Y  H / N  
1980-1998 0. 2 8 -0. 6 2  1. 09 -0. 18 
1980-1988 1. 06  -1. 6 3  1. 2 2  1. 4 7  
1989-1992  -4 . 00 -4 . 92  2 . 94  -2 . 02  
1993 -1998 1. 96  3 . 4 5  -0. 11 -1. 3 8 

4. Numerical experiments with the growth model 
 T h e  ab ov e  g r ow th  ac c ou n ti n g  h ad  s h ow n  th at f or  th e  B r az i li an  e x p e r i e n c e ,  th e  
c on tr i b u ti on  of  c h an g e s  i n  T F P  h as  b e e n  th e  m os t i m p or tan t f ac tor  b e h i n d  th e  
c ou n tr y ’ s  e c on om i c  p e r f or m an c e .  N e v e r th e le s s ,  th e  s am e  e x e r c i s e  s u g g e s ts  th at th e  
c on tr i b u ti on  of  c h an g e s  i n  th e  i n v e s tm e n t r ate  an d  i n  th e  lab or  i n p u t to th e  d y n am i c s  
of  p e r  c ap i ta G N P  w e r e  s i g n i f i c an t as  w e ll.  

W e  c ali b r ate  a s tan d ar d  n e oc las s i c al g r ow th  m od e l w i th  d i v i s i b le  lab or  to 
q u an ti tati v e ly  as s e s s  th e  c on tr i b u ti on  of  th e s e  c h an g e s .  T h e or e ti c ally ,  th e  ag e n ts  of  th e  
ar ti f i c i al e c on om y  g e n e r ate  op ti m al i n te r -te m p or al d e c i s i on  r u le s  g i v e n  a 
d e te r m i n i s ti c  p ath  of  T F P .  T h e n  th e  ar ti f i c i ally  g e n e r ate d  s e r i e s  of  op ti m al d e c i s i on s  
ar e  u s e d  to as s e s s  th e  ab i li ty  of  th e  m od e l to e x p lai n  th e  ob s e r v e d  d y n am i c s .  

 
4 . 1 .  T h e  g r o w t h  m o d e l  
T h e  g r ow th  m od e l c on s i s ts  of  a c los e d  e c on om y .  D e n oti n g  all v ar i ab le s  i n  

e f f i c i e n c y  u n i ts  of  lab or ,  th e  r e p r e s e n tati v e  h ou s e h old ' s  u ti li ty  i s  d e f i n e d  ov e r  
s e q u e n c e s  of  c on s u m p ti on  { c }  an d  le i s u r e  { l  =  1  – h }  c h os e n  to s olv e  th e  f ollow i n g  
p r ob le m ,  





 −++∑∞

=0
)]1ln()[ln()1(max

t
tt

tt hcE αηβ          ( 4 )  

s u b j e c t to th e  p e r  p e r i od  b u d g e t c on s tr ai n t.  B y  as s u m p ti on ,  ou r  ar ti f i c i al e c on om y  h as  
n o d i s tor ti on s .  T h e r e f or e ,  ap p ly i n g  th e  S e c on d  W e lf ar e  T h e or e m ,  th e  e q u i li b r i u m  
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alloc ati on  u n d e r  th e  P lan n e r ’ s  p r ob le m  w i ll b e  th e  s am e  as  th e  on e  ob tai n e d  u n d e r  th e  
c om p e ti ti v e  e q u i li b r i u m .   T h i s  th e or e m  allow  u s  to m ax i m i z e  ( 4 )  s u b j e c t to 

θθθγ −−+=+ 1)1()1( tt
t

ttt hkzxc            ( 5 )  
w h e r e  th  r e p r e s e n t s  h o u r s  o f  w o r k ,  η t h e  p o p u l a t i o n  g r o w t h  r a t e ,  α a  p a r a m e t e r  
a f f e c t i n g  t h e  d i s u t i l i t y  o f  w o r k i n g ,  β t h e  d i s c o u n t  r a t e ,  s u c h  t h a t  10 << β ,  tk  t h e  p e r  
h o u s e h o l d  a v a i l a b l e  c a p i t a l  s t o c k ,  θ  t h e  c a p i t a l  s h a r e  i n  o u t p u t  a n d  tx  i n v e s t m e n t .  
F o l l o w i n g  t h e  n o t a t i o n  u s e d  i n  e q u a t i o n  ( 1 )  a b o v e ,  ( )( )t

tt zA θγ −+= 11  w h e r e  tz  i s  a  
s t a t i o n a r y  c o m p o n e n t  o f  T F P  a n d  γ  t h e  r a t e  o f  t e c h n i c a l  p r o g r e s s .  T h e  e x o g e n o u s  
s h o c k  t o  p r o d u c t i v i t y ,  tz ,  i s  a  s t a t i o n a r y  s t o c h a s t i c  p r o c e s s  w i t h  a  l a w  o f  m o t i o n  g i v e n  
b y  

ttt zz ερρ ++−=+ 11                ( 6 )  
w h e r e  tε  i s  a s s u m e d  t o  b e  a  w h i t e  n o i s e  i n n o v a t i o n  p r o c e s s  a n d ,  10 << ρ  d e s c r i b e s  
i t s  p e r s i s t e n c e .  

F i n a l l y ,  t h e  l a w  o f  m o t i o n  f o r  c a p i t a l  s t o c k  i s  g i v e n  b y :  
ttt xkk +−=+ )1(1 δ              ( 7 ) 

T h e r e f o r e ,  o n  th e  b a l a n c e d  g r o w th  p a th ,  o u tp u t,  c o n s u m p ti o n  a n d  c a p i ta l  w i l l  g r o w  a t 
th e  s a m e  r a te  g i v e n  b y  )1)(1( γη ++ .7 

4.2 Calibration and Simulation 
T h e  m o d e l  e c o n o m y  i s  c a l i b r a te d  a c c o r d i n g  to  C o o l e y  a n d  P r e s c o tt’ s  ( 1 9 9 5 ) 

p r o c e d u r e . T h e  c a l i b r a ti o n  r e p r o d u c e s  th e  s te a d y -s ta te  f e a tu r e s  o f  th e  B r a z i l i a n  
e c o n o m y  b e f o r e  th e  d e p r e s s i o n . F o r  1 9 5 0 -1 9 8 0 ,  th e  p o p u l a ti o n  g r o w th  r a te  i s  
η = 2 .9 %  a n d  th e  a v e r a g e  g r o w th  r a te  o f  te c h n i c a l  p r o g r e s s  i s  γ   =  1 .3 % . T h i s  v a l u e  o f  
γ   i s  o b ta i n e d  a c c o r d i n g  to  a  2 %  tr e n d  o f  p e r  w o r k i n g  a g e  G N P  a n d  a  c a p i ta l  s h a r e  i n  
a g g r e g a te  o u tp u t o f  3 5 % ,  i .e .  ( 1 .0 2 )(1-0 . 3 5 )  =  1 .0 1 3 . T h e  d e p r e c i a ti o n  r a te  i s  c a l i b r a te d  a s  
δ  =   9 % . 

T h e  c a l i b r a ti o n  o f  th e  d i s c o u n t f a c to r  i s  b a s e d  o n  th e  f i r s t o r d e r  c o n d i ti o n  f o r  
c a p i ta l ,  β  =  0 . 9 0 . T h i s  v a l u e  i s  d e r i v e d  u s i n g  th e  a v e r a g e  c a p i ta l -o u tp u t r a ti o  f o r  th e  
p e r i o d  1 9 7 0 -1 9 8 0 ,  i .e . ( K/Y) 1 970 -1 980  =  1 .6 2 . T h e  p a r a m e te r  a s s o c i a te d  to  th e  d i s u ti l i ty  
o f  w o r k i n g ,  α ,  i s  i n  tu r n  o b ta i n e d  f r o m  th e  l a b o r  E u l e r  e q u a ti o n  a n d  th e  s ty l i z e d  f a c t 
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th a t s h o w s  a g e n ts  s p e n d  4 0 %  o f  to ta l  a v a i l a b l e  ti m e  f o r  m a r k e t a c ti v i ti e s .8 T h e  
f r a c ti o n  o f  ti m e  a l l o c a te d  to  th e  m a r k e t a c ti v i ti e s  i s  th e  w o r k w e e k  d i v i d e d  b y  th e  to ta l  
ti m e  a v a i l a b l e  to  th e  a g e n ts ,  th a t i s  1 6  h o u r s  - 7  d a y s  p e r  w e e k . H e n c e ,  α i s  s e t to  
1 .2 8 . F i n a l l y ,  to  c a l i b r a te  th e  p e r s i s te n c e  o f  th e  p r o d u c ti v i ty  s h o c k  g i v e n  b y  ρ,  a  
A R ( 1 ) r e g r e s s i o n  i s  r u n  w i th  th e  d e tr e n d e d  T F P  ( s e e  F i g u r e  4 ),  g e n e r a ti n g  a  p a r a m e te r  
v a l u e  o f  0 .9 7 . 

 
F ig ure  4 – D e tre nde d T F P ,  B raz il ( 1 9 8 0 -1 9 9 8 )  
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S i m u l a t i o n  s t r a t e g y  a n d  i n i t i a l  c o n d i t i o n s :  T h e  o p ti m a l  d e c i s i o n  r u l e s  a r e  
c o m p u te d  u s i n g  a  l i n e a r  q u a d r a ti c  a p p r o x i m a ti o n  m e th o d  to  th e  a b o v e  o p ti m i z a ti o n  
p r o b l e m  tr a n s l a te d  i n to  a  d y n a m i c  p r o g r a m m i n g  p r o b l e m . T h e  s i m u l a ti o n  o f  th e  
a r ti f i c i a l  e c o n o m y  b e g i n s  i n  1 9 8 0 . T h e r e f o r e ,  w e  n e e d  to  s e t th e  i n i ti a l  v a l u e s  f o r  th e  
tw o  s ta te  v a r i a b l e s  k 1 980  a n d  z1 980 . F o r  th e  te c h n o l o g i c a l  s h o c k  w e  a s s u m e  i ts  s te a d y -
s ta te  v a l u e ,  i .e . z1 980  =  1 . F o r  th e  c a p i ta l  s to c k ,  w e  n e e d  th e  a c tu a l  v a l u e  i n  te r m s  o f  th e  
s te a d y -s ta te  v a r i a b l e s . T o  g e t th i s  v a l u e ,  th e  s te a d y  s ta te  o u tp u t i s  m u l ti p l i e d  b y  th e  
a c tu a l  c a p i ta l -o u tp u t r a ti o  o f  th e  e c o n o m y  i n  1 9 8 0 ,  i .e . ( K / Y ) 1 980  =  1 .9 8 . T h e n ,  f o r  t  =  
1 9 8 1 ,  ...,  1 9 9 8 ,  w e  u s e  a  d e tr e n d e d  i n d e x  o f  th e  T F P  s u c h  th a t z1 980  =  1 . T h i s  s e q u e n c e  
a n d  th e  d e c i s i o n  r u l e s  o f  i n v e s tm e n t a n d  h o u r s  a r e  ta k e n  to  p r o d u c e  th e  d y n a m i c s  o f  
th e  a r ti f i c i a l  e c o n o m y . 
                                                                                                                                            
7 For a more detailed description of the neoclassical growth model refer for example to Kehoe and 
P rescott ( 2 0 0 2 ) ,  C ooley  and P rescott ( 1 9 9 5 )  or H ansen ( 1 9 8 5 ) .  
8 T his v alu e is compu ted u sing the B raz ilian H ou sehold S u rv ey  data from 1 9 7 0 -1 9 9 8 .  S ee appendix for 
details.  
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4.3  F inding s  

T h e  r e s u l ts ,  n u m e r i c a l l y  c o m p u ti n g  th e  c o m p e ti ti v e  r e c u r s i v e  e q u i l i b r i u m  o f  th e  
a b o v e  m o d e l  e c o n o m y ,  a r e  a n a l y z e d  i n  th i s  s e c ti o n . I n  T a b l e  4  w e  s h o w  th e  g r o w th  
a c c o u n ti n g  o f  th e  s i m u l a te d  s e r i e s . 

  C o m p a r i n g  T a b l e s  3  a n d  4  w e  s e e  th a t,  f o r  th e  w h o l e  p e r i o d ,  th e  a r ti f i c i a l  
e c o n o m y  g e n e r a te s  a  d e e p e r  r e c e s s i o n . T h i s  r e s u l t i s  d u e  to  th e  b e h a v i o r  o f  th e  
a r ti f i c i a l  e c o n o m y  i n  th e  f i r s t tw o  s u b -p e r i o d s  w h e r e  th e  d e p r e s s i o n  i s  o v e r s ta te d  b y  
th e  m o d e l .9 D e s p i te  th i s ,  th e  s h a p e  o f  a r ti f i c i a l  o u tp u t i s  c l o s e  to  th e  b e h a v i o r  o f  r e a l  
o u tp u t ( s e e  F i g u r e  5 ).  

 
T able  4. M ode l G row th  A c c ounting  ( % ) ,  B raz il ( 1 9 8 0 -1 9 9 8 )  

Period Y / N  T F P K / Y  H / N  
1 9 8 0 -1 9 9 8  -0 . 7 2  -0 . 6 2  -0 . 1 4  0 . 0 4  
1 9 8 0 -1 9 8 8  -1 . 5 4  -1 . 6 3  0 . 1 2  -0 . 0 3  
1 9 8 9 -1 9 9 2  -4 . 3 8  -4 . 9 1  0 . 7 8  -0 . 2 5  
1 9 9 3 -1 9 9 8  2 . 7 5  3 . 4 5  -1 . 0 4  0 . 3 4  
 

A s  w e  c a n  s e e  i n  F i g u r e  5  a n d  6 ,  ( a ) to  ( d ),  i n  g e n e r a l  th e  m o d e l  p e r f o r m s  w e l l .  
I n  p a r ti c u l a r ,  w i th  r e s p e c t to  a g g r e g a te  o u tp u t,  th e  m o d e l  r e p r o d u c e s  th e  f a l l i n g  
a g g r e g a te  o u tp u t d y n a m i c s  th a t w e  s e e  i n  th e  d a ta . T h e  s a m e  i s  tr u e  w i th  r e s p e c t to  th e  
m o v e m e n ts  o f  c o n s u m p ti o n  a n d  i n v e s tm e n t a s  w e l l  ( F i g u r e  6 ,  ( a ) a n d  ( b )). T h e r e f o r e ,  
w e  c a n  a s s e s s  th a t th e  te c h n o l o g i c a l  s h o c k s  i n tr o d u c e d  i n  th e  s ta n d a r d  n e o c l a s s i c a l  
g r o w th  m o d e l  c a n  f a i r l y  e x p l a i n  th e  p e r f o r m a n c e  o f  th e  B r a z i l i a n  e c o n o m y  d u r i n g  th e  
p e r i o d  w e  c o n s i d e r . 

N o n e th e l e s s ,  w e  s h o u l d  s tr e s s  th a t th e  m o d e l  f a i l s  m a tc h  th e  d a ta  f o r  th e  c a p i ta l  
s to c k  a n d  h o u r s  w o r k e d  s e r i e s  ( F i g u r e  6 ,  ( c ) a n d  ( d )).  A  c l o s e r  l o o k  a t th e  p a r ti c u l a r  
c h a r a c te r i s ti c s  p r e v a i l i n g  i n  th e  B r a z i l i a n  e c o n o m y  d u r i n g  th e  a n a l y z e d  p e r i o d  i s  i n  
o r d e r . T h e s e  s p e c i f i c s  c o u l d  e x p l a i n  th e  l i m i te d  p e r f o r m a n c e  o f  th e  a r ti f i c i a l  e c o n o m y  
i n  r e g a r d  to  th o s e  tw o  s e r i e s . 

 

                                                 
9 W e will come b ack  to this point later on in this section.  W e b eliev e that changes in the work week  and 
in the tax sy stem after 1 9 8 8  can b e u sed to explain this discrepancy .   
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F ig ure  5  –  D e tre nde d A g g re g ate  O utp ut D y namic s ,  B raz il ( 1 9 8 0 -1 9 9 8 )  
D ata and A rtif ic ial Se rie s  
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F ig ure  6  – D ata and M ode l D y namic s  
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5 Remarks on the findings 
I n  th i s  s e c ti o n  w e  a n a l y z e  s o m e  f e a tu r e s  o f  B r a z i l i a n  e c o n o m y  th a t c a n  e x p l a i n  

w h y  th e  m o d e l  f a i l s  to  r e p r o d u c e  th e  b e h a v i o r  o f  th e  c a p i ta l  s to c k  a n d  h o u r s  w o r k e d . 
F r o m  th e  1 9 8 0 s  u p  to  th e  e a r l y  1 9 9 0 s ,  th e  p r i c e  l e v e l  o f  th e  s tr u c tu r e s  s e c to r 1 0  g r e w  
m u c h  f a s te r  th a n  th e  p r i c e  l e v e l  o f  th e  e c o n o m y 1 1  a s  d e p i c te d  i n  F i g u r e  7 . 

F igu re 7  – Rel ativ e P ric e of I nv estment and C onsu mp tion G oods,  
1 9 7 0 -2 0 0 0  
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( b )  Relative Prices of Machines and Equipments
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( d )  Relative Price of N on- D ura b les C onsumption G oods

 
B a c h a  ( 1 9 9 3 )  s u g g e s t s  t h a t  t h e r e  c o u l d  b e  f o u r  p o s s ib l e  r e a s o n s  f o r  t h e  

in c r e a s e  in  t h e  r e l a t iv e  p r ic e  o f  in v e s t m e n t  in  t h e  1 9 8 0 s  in  A r g e n t in a , B r a z il  a n d  
C o l o m b ia :   t h e  r e a l  d e v a l u a t io n  o f  d o m e s t ic  c u r r e n c y ;  t h e  in c r e a s e s  o f  “ l is t e d ”  p r ic e s  
o f  in v e s t m e n t  g o o d s  a n d  c o n s t r u c t io n  c o n t r a c t s  t o  c o m p e n s a t e  f o r  h ig h e r  e x p e c t e d  
in f l a t io n ;  t h e  s u b s t it u t io n  o f  l e s s  e f f ic ie n t  d o m e s t ic a l l y  p r o d u c e d  c a p it a l  g o o d s  f o r  

                                                 
10 The relative pric e o f  the s tru c tu res  s ec to r is  c o n s tru c ted  as  the ratio  o f  a w ho les ale pric e in d ex  
s pec if ic  to  the s tru c tu res  s ec to r an d  a g en eral w ho les ale pric e in d ex .  The s am e m etho d o lo g y  is  u s ed  to  
c alc u late the relative pric e o f  m ac hin es  an d  eq u ipm en t,  d u rab le c o n s u m ptio n  g o o d s  an d  n o n -d u rab le 
c o n s u m ptio n  g o o d s .  S tru c tu res  ac c o u n t f o r 6 5 . 6 %  o f  the to tal c apital s to c k ,  an d  m ac hin es  an d  
eq u ipm en t ac c o u n t f o r 2 8 . 1 % .  
11 S ee C arn eiro  an d  W ern ec k  ( 1 9 9 3 )  an d  B ac ha ( 1 9 9 3 )  f o r a s tu d y  o f  this  relative pric e in  B raz il d u rin g  
the perio d  u n d er s tu d y .  
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m o r e  e f f ic ie n t  im p o r t e d  o n e s ;  a n d  t h e  o l ig o p o l is t ic  b e h a v io r  o f  d o m e s t ic  c a p it a l  g o o d  
p r o d u c e r s .  

W e  t h in k  t h a t  o n e  im p o r t a n t  r e a s o n  f o r  t h e  in c r e a s e  in  t h e  r e l a t iv e  p r ic e  o f  
in v e s t m e n t  g o o d s , e s p e c ia l l y  c o n s t r u c t io n  in  B r a z il , is  d u e  t o  s e v e r a l  s h o c k s  t o  t h e  
e c o n o m y  d u r in g  t h e  1 9 8 0 s  a n d  e a r l y  1 9 9 0 s .  D u r in g  t h is  p e r io d , t h e  B r a z il ia n  e c o n o m y  
h a d  v e r y  h ig h  r a t e s  o f  in f l a t io n .  T h e  g o v e r n m e n t  a t t e m p t e d  t o  s t a b il iz e  t h e  
s k y r o c k e t in g  in f l a t io n  r a t e  w it h  s o -c a l l e d  “ h e t e r o d o x  p l a n s ” .  F r o m  1 9 8 6  t o  1 9 9 1 , 
B r a z il  e x p e r ie n c e d  s ix  o f  t h e s e  ( u n s u s t a in a b l e )  p l a n s .  T h e  m a in  in s t r u m e n t  o f  t h e s e  
p l a n s  w a s  a  p r ic e  “ f r e e z e ” , p r o h ib it in g  f ir m s  f r o m  c h a n g in g  p r ic e s .  T h e s e  p l a n s  
in c r e a s e d  t h e  in s t a b il it y  o f  t h e  B r a z il ia n  e c o n o m y , g iv in g  p e o p l e  t h e  in c e n t iv e  t o  l o o k  
f o r  h e d g e s .  T h e  m o s t  c o m m o n  m e c h a n is m  o f  p r o t e c t io n  u n d e r  t h is  in c r e a s in g l y  
u n s t a b l e  s it u a t io n  c o n s is t e d  o f  r e a l  e s t a t e  p u r c h a s e s  s u c h  a s  a p a r t m e n t  b u il d in g s , t h a t  
p u s h e d  u p  t h e ir  r e l a t iv e  p r ic e .  

A  s e c o n d  s h o c k  t h a t  h it  t h e  B r a z il ia n  e c o n o m y  w a s  t h e  g o v e r n m e n t  d e f a u l t  o n  
it s  in t e r n a l  d e b t  in  1 9 9 0 .  T h is  d e f a u l t  c a m e  a s  p a r t  o f  a n o t h e r  “ h e t e r o d o x  p l a n ” , 
k n o w n  a s  “ C o l l o r  P l a n ” .  T h is  s c h e m e  w a s  n a m e d  a f t e r  t h e  p r e s id e n t  w h o  p a s s e d  t h is  
b il l  in  t h e  C o n g r e s s  in  M a r c h  1 9 9 0 .  P r io r  t o  t h is  ( e x p e c t e d )  d e f a u l t , p e o p l e  t r ie d  t o  
p r o t e c t  t h e ir  s a v in g s , s h if t in g  t h e ir  d e m a n d  t o w a r d  r e a l  e s t a t e  p r o p e r t ie s .  T h is  s h if t  
a l s o  c o n t r ib u t e d  t o  in c r e a s e  in  t h e  r e l a t iv e  p r ic e  o f  in v e s t m e n t  g o o d s .  

T h is  r e l a t iv e  p r ic e  e f f e c t  h a s  c r u c ia l  im p l ic a t io n s  s in c e  it  c a n  l e a d  t o  a n  
o v e r e s t im a t io n  o f  s p e n d in g  o n  in v e s t m e n t  in  s t r u c t u r e s .  C o n s e q u e n t l y , it  
o v e r e s t im a t e s  b o t h  t h e  in v e s t m e n t  a n d  t h e  c a p it a l  s t o c k  s e r ie s .  S in c e  w e  u s e  t h e  
p e r p e t u a l  in v e n t o r y  m e t h o d , t h is  a n n u a l  o v e r e s t im a t io n  a c t s  c u m u l a t iv e l y  o n  t h e  
c a p it a l  s t o c k  s e r ie s .  I t  d r iv e s  u p  t h e  c a p it a l  s t o c k  s e r ie s , e v e n  d u r in g  t h e  r e c e s s io n , 
w h e r e a s  in  o u r  m o d e l  e c o n o m y  c a p it a l  s t o c k  is  g o in g  d o w n .  T h is  e f f e c t  d o e s  n o t  
a p p e a r  in  t h e  in v e s t m e n t  s e r ie s  b e c a u s e  it  is  a  f l o w  v a r ia b l e .  H e n c e , e a c h  a n n u a l  
o v e r e s t im a t io n  d o e s  n o t  s u m  u p  o v e r  t im e  in  t h is  s e r ie s  a s  it  d o e s  w it h  c a p it a l .  

T h e  r e c o m p u t e d  in v e s t m e n t  s e r ie s , c o r r e c t e d  f o r  t h is  c h a n g e s  in  r e l a t iv e  p r ic e s  
is  s h o w n  in  F ig u r e  8 .  T h is  f ig u r e  s h o w s  t h r e e  s e r ie s .  T h e  f ir s t  o n e  r e f e r s  t o  t h e  
in v e s t m e n t  d a t a  w it h o u t  c o r r e c t in g  f o r  c h a n g e s  in  r e l a t iv e  p r ic e s .  T h e  s e c o n d  s e r ie s  is  
t h e  s a m e  d a t a  c o r r e c t e d  f o r  t h e  r e l a t iv e  p r ic e  v a r ia t io n .  O n c e  t h e  in v e s t m e n t  s e r ie s  is  
c o r r e c t e d  f o r  c h a n g e s  in  t h e  r e l a t iv e  p r ic e  o f  in v e s t m e n t  g o o d s  t o  g e n e r a l  p r ic e s  o f  t h e  
e c o n o m y , t h is  s e r ie s  s h if t s  d o w n .  A s  e x p e c t e d , t h e  o v e r e s t im a t io n  o f  in v e s t m e n t  d u e  
t o  t h is  r e l a t iv e  p r ic e  p h e n o m e n o n  is  s u b s t a n t ia l  d u r in g  t h e  s e c o n d  h a l f  o f  t h e  1 9 8 0 s .  
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O n c e  t h e  in v e s t m e n t  s e r ie s  is  c o r r e c t e d  f o r  r e l a t iv e  p r ic e  c h a n g e s , t h e  c a p it a l  
s t o c k  s e r ie s  is  a l s o  r e c o m p u t e d .   T h e  n e w  c a p it a l  s t o c k  s e r ie s  is  s h o w n  in  F ig u r e  9  
b e l o w .   T h is  g r a p h  s h o w s  t h r e e  s e r ie s  o f  c a p it a l  s t o c k .  T h e  f ir s t  o n e  f r o m  t h e  t o p  
c o r r e s p o n d s  t o  t h e  c a p it a l  s t o c k  s e r ie s  b a s e d  o n  t h e  r a w  in v e s t m e n t  s e r ie s .  T h e  s e c o n d  
s e r ie s  is  c o n s t r u c t e d  w it h  t h e  in v e s t m e n t  s e r ie s  a d j u s t e d  f o r  c h a n g e s  in  r e l a t iv e  p r ic e s .  
O n c e  t h e  in v e s t m e n t  s e r ie s  is  c o r r e c t e d  f o r  t h is  r e l a t iv e  p r ic e  c h a n g e , t h e  c a p it a l  s t o c k  
s e r ie s  s h if t s  d o w n  c o n s id e r a b l y .  W e  c o m p u t e  a n  a r t if ic ia l  s e r ie s  u s in g  t h e  s t a n d a r d  
g r o w t h  m o d e l .  I n  t h is  c a s e , t h e  c a p it a l  s t o c k  o b t a in e d  w it h  t h e  r e l a t iv e  p r ic e  c o r r e c t e d  
in v e s t m e n t  s e r ie s  is  u s e d  t o  s e t  t h e  in it ia l  c a p it a l  s t o c k  o f  t h e  m o d e l  e c o n o m y .  T h is  
a r t if ic ia l  c a p it a l  s t o c k  s e r ie s  ( t h e  l o w e s t  s e r ie s  in  t h e  g r a p h )  is  a b l e  t o  m im ic  t h e  
d e c l in in g  b e h a v io r  o f  t h e  c o r r e c t e d  c a p it a l  s t o c k  d a t a  r e m a r k a b l y  w e l l .  

 
Figure 8 – D et ren d ed  I n v es t m en t  S eries  D y n a m ic s ,  B ra z il  ( 1 9 80 -1 9 9 8)  

D a t a ,  C o rrec t ed  D a t a  a n d  M o d el  w it h  C o rrec t ed  D a t a  

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
2 0

3 0

4 0

5 0

6 0

7 0

80

90

100

D a t a

M o d e l

C o r r e c t e d  d a t a

 
F in a l l y , a s  s t a t e d  a b o v e , t h e  m o d e l  a l s o  d o e s  n o t  p e r f o r m  w e l l  w it h  r e s p e c t  t o  

t h e  o b s e r v e d  s e r ie s  o f  h o u r s  w o r k e d  ( F ig u r e  6 , ( d ) ) .  T h e  n e w  in s t it u t io n a l  f r a m e w o r k  
in t r o d u c e d  b y  t h e  B r a z il ia n  1 9 8 8 ’ s  c o n s t it u t io n a l  r e f o r m s  m a y  e x p l a in  t h e  f a il u r e  o f  
t h e  m o d e l  t o  r e p l ic a t e  t h e  d a t a .  I n  1 9 8 8 , B r a z i l  a d o p t e d  a  n e w  C o n s t it u t io n  t h a t  
in t r o d u c e d  m a n y  in s t it u t io n a l  c h a n g e s .  I n  p a r t ic u l a r , a  m a n d a t o r y  r e d u c t io n  in  t h e  
w o r k w e e k  w a s  in s t it u t e d .  M o r e o v e r , d u e  t o  a n  a t t e m p t  t o  b a l a n c e  t h e  p u b l ic  s e c t o r  
b u d g e t  a n d  a  s ig n if ic a n t  d e c e n t r a l iz a t io n  o f  t a x  r e v e n u e s  b r o u g h t  a b o u t  b y  t h e  
r e f o r m e d  C o n s t it u t io n , m a n y  n e w  t a x e s  w e r e  c r e a t e d  f r o m  1 9 8 9  o n .  T h e s e  t a x  
in c r e a s e s  o n  l a b o r  in c o m e  d is t o r t  t h e  p e o p l e ’ s  o p t im a l  in t e r -t e m p o r a l  d e c is io n s .  T h e  
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c h a n g e s  in  t h e  t a x  s y s t e m  in c r e a s e d  t h e  B r a z il ia n  t a x  s h a r e  o n  G D P  f r o m  2 2 . 4 %  in  
1 9 8 8  t o  3 1 . 7 %  in  1 9 9 8 .   

 
Figure 9   –  C a p it a l  S t o c k  S eries ,  B ra z il  ( 1 9 80 -1 9 9 8)  
D a t a ,  C o rrec t ed  D a t a  a n d  M o d el  w it h  C o rrec t ed  D a t a  

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
7 0

7 5

80

85

90

95

100

105

110

115

M o d e l

D a t a

C o r r e c t e d  d a t a

 
T h is  s ig n if ic a n t  in c r e a s e  o f  l a b o r  t a x e s  in  B r a z il  d u r in g  t h e  p e r io d  u n d e r  s t u d y , 

in  a d d it io n  t o  t e c h n o l o g y  s h o c k s  a n d  t h e  l e g a l  c h a n g e s  in  t h e  w o r k w e e k , c o u l d  
e x p l a in  t h e  r e d u c t io n  in  h o u r s  w o r k e d  f o r  t h e  p e r io d  1 9 8 8 -1 9 9 2 12 e v e n  t h o u g h  t h e  
p r o d u c t iv it y  s t a r t e d  t o  in c r e a s e  in  1 9 9 2 .   

5. Conclusions  

I n  t h is  p a p e r  w e  u s e  t h e  n e o c l a s s ic a l  g r o w t h  m o d e l  w it h  e x o g e n o u s  t e c h n o l o g y  
s h o c k s  t o  s t u d y  t h e  b e h a v io r  o f  t h e  B r a z il ia n  e c o n o m y  d u r in g  t h e  1 9 8 0 s  a n d  1 9 9 0 s .  I n  
p a r t ic u l a r , t h e  m o d e l  in d ic a t e s  t h a t  t h e  t e c h n o l o g y  s h o c k s  c a n  a c c o u n t  f o r  t h e  
d e p r e s s io n  o f  t h e  B r a z il ia n  e c o n o m y  d u r in g  t h e  1 9 8 0 s  a n d  1 9 9 0 s .  

T h e r e  a r e  t w o  a r e a s  t o  e x t e n d  o u r  w o r k .  F ir s t , w e  c o u l d  e x p a n d  t h e  m o d e l  t o  
in t r o d u c e  c h a n g e s  in  r e l a t iv e  p r ic e s .  E v e n  t h o u g h  w e  s p e c u l a t e  a b o u t  r e a s o n s  f o r  t h e  
in c r e a s e  in  t h e  r e l a t iv e  p r ic e  o f  in v e s t m e n t  g o o d s , w e  t h in k  t h e r e  is  r o o m  t o  in t r o d u c e  
c h a n g e s  in  t h e  m o d e l  t o  a c c o u n t  f o r  t h is  a b r u p t  j u m p  t h a t  w e  s e e  in  t h e  d a t a .  S e c o n d , 

                                                 
12  I t s eem s  that the red u c tio n  in  the w o rk w eek  is  n o t b in d in g  in  this  perio d .  I n  o u r m o d el,  s ee f ig u re 4 . 2 ,  
the n u m b er o f  ho u rs  f all even  w itho u t in tro d u c in g  this  n ew  c o n s train t.  This  in d ic ates  that w as  o ptim u m  
f o r the c o n s u m ers  to  red u c e the n u m b er o f  ho u rs  w o rk ed .  
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w e  c o u l d  e x p l ic it l y  c o n s id e r  t h e  g o v e r n m e n t  a n d  t a x  s y s t e m  in  t h e  m o d e l  t o  a s s e s s  t h e  
im p a c t  o f  c h a n g e s  o f  l a b o r  t a x a t io n  o n  t h e  o p t im a l  d e c is io n  o f  h o u r s  w o r k e d .  

I n t r o d u c in g  t h o s e  e x t e n s io n s  s h o u l d  im p r o v e  t h e  a b il it y  o f  t h e  m o d e l  t o  
e x p l a in  t h e  B r a z il ia n  d e p r e s s io n .  F ir s t , o n c e  w e  in t r o d u c e  t h e  g o v e r n m e n t  in t o  t h e  
m o d e l  e c o n o m y , w e  c a n  c h a r a c t e r iz e  t h e  g o v e r n m e n t  in v e s t m e n t  d e c is io n .  H e n c e , 
t o t a l  in v e s t m e n t  m a y  in c r e a s e  in  t h e  a r t if ic ia l  e c o n o m y  b e c a u s e  g o v e r n m e n t  
in v e s t m e n t  d o e s  n o t  t a k e  in t o  a c c o u n t  t h e  m a r g in a l  p r o d u c t iv it y  o f  c a p it a l  w h e n  
d e c id in g  t h e  a m o u n t  o f  r e s o u r c e s  t o  b e  in v e s t e d .  S e c o n d , in t r o d u c in g  t a x e s  m a y  b e  
a b l e  t o  a c c o u n t  f o r  c h a n g e s  in  l a b o r  s u p p l y  a n d  d e m a n d  f o r  l a b o r  a s  w e l l .  

T h e  f in a l  q u e s t io n  t o  b e  a d d r e s s e d  is  w h y  t h e  p r o d u c t iv it y  d o e s  n o t  r e c o v e r  
a f t e r  t h e  e x t e r n a l  s h o c k s  o f  t h e  8 0 s .  O n e  e x p l a n a t io n  o f  t h is  b e h a v io r  is  s im il a r  t o  t h e  
B e r g o e in g , K e h o e , K e h o e  a n d  S o t o  ( 2 0 0 2 b )  h y p o t h e s is  t h a t  g o v e r n m e n t  p o l ic y  
d is t o r t e d  t h e  a l l o c a t io n s  o f  r e s o u r c e s  b o t h  w it h in  a n d  a c r o s s  s e c t o r s  in  C h il e  a n d  
M e x ic o .  I n  t h e  B r a z il ia n  c a s e , t h is  d is t o r t io n  m a y  a f f e c t  b o t h  t h e  a l l o c a t io n s  o f  c a p it a l  
a n d  l a b o r .  
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