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INVESTMENT CYCLES IN BRAZIL, 1947-1985

Edna1do Araqu~m da Silva

1. INTRODUCTION

This paper attempts to ana1yze the determinants of investment

cyc1es in the postwar Brazi1ian economy, ut i1izing Ka1ecki's (1971)

approach. We are primari1y interested in 1earning whether Ka1ecki '5

mode1 can generate endogenous investment cyc1es resembling those found

In the postwar Brazi1 ian economy. The ana1ysi~ of economic cycles in

Brazi1 has been 1ittle explored, partly due to the paucity of re1evant

time series. In this respect, this paper also makes a contribut ion in

generating a time series for the Brazilian net capital stock. Kalecki
<1971 ) developed parcimonious macroeconomic rnode 15, w i th

parameters to be estimated, but possessing comparatlvely strong

explanatory power.

2. KALECKI'S INVESTMENT MODEL

A baslc feature of Kalecki 's Investment mode1 Is the

dlstinction af investment orders from the actual production and

dellvery of Investment goods. Investment orders and deliveries are

separated by a time-lag lasting in the average less than a year. A •.•
n;:>

formu1ated In his "Out1ine of a Theory of the Business Cyc1e" (1971),

Ka1ecki 's Investment model can be translated Into three equations and

three endogenous varlab1es:

and I p1anned investment
t +1

investment, I , and K the
t t

random errors:

P profits, C capita1ist consumption,
t kt

(t denotes ca1endar years). Current

capital stock are exogenous~ u denotes
t



(1) P = C
t t

+ I
t

(profit idEntity)

2

(2) c = a + b P
k t t

+ u
1t

(capital ist consumpt iDn)

(3) I
t+1

= m P
t

- n K
t

+ u
2t

(investmEnt)

AlI variables are mEasurEd in constant pricEs. lhE first

Equation is an accounting ident ity. lhe second is the capitalist

consumption function. Workers are assumed to héve no savings. lhe

third equation is the investment function re1ating the rate of capital

accumulation to the profit rate. lhe coefficients m and n are positive

parameters each assumed to be less than unity.

Substituting Equation (2) into Equation (1)7 it can be

observed that the leveI of current profits depends on the leveI of

current invest rnent :

(4) P = a' + b' I + u'
t t t

__ o (0 < b < 1) 7

wh er e a' = ai (1 - b) 7 b' = li (1 - b) is th e pr of it mu 1t ip 1 ier 7 an d

u' = u 1(1 - b).
1

Patinkin (19827 p. 67) argues that Kale:'cki 's "analysis does

not prove the existence of investment cycles7 but instead assumes it

by virtue of thE crucial assumption of a positive n." But Kalecki

(19717 p. 5-6) shows that n is positive because m and K are both
t

positive.

According to Equation (3)7 the value of investment orders i5

an increasing function of cu~~ent investment and a decreasing functior
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Df the capital stock (l{a1ecki, 1971, p. 8). Sub:,tituting Equation (4)

into Equat ion (3), we obtain the reduced-form investment equation=.

(5) I
t +i

= c + d I
t

- n K
t

+ u ,.
t

where c = ma/(i - b), d = m/(i - b), and u is the random error.
t

Equation (5) represents the operation Df three factors in the

capital ist economy= the internal1y generated forces through the lagged

effect of investment, the exogenous factors associated with the lagged

capital stock, and the random disturbance. Investment has a contra-

dictory effect on the capitalist economy: it stimulates the economy,

but the increase in the cap-lta1 stock

with it the prospect of economic crisis.

3. ESTIMATION OF KALECKI'S MODEL

(productive capacity) brings

Equation (5) has been estimat~d using Brazilian data for the

period between 1947 and 1985. After severa1 experiments, the

adjustment lag was set at w = 0.25, involving a one-quarter lag. The

relevant data are reproduced in the Appendix. AlI variables are

expressed in bil1ions Df 1970 cruzeiros.

The regression results are presented as follows (with t

ratios in parentheses):

I = 1.0422 I - 0.0032 K + 0.7844
t t-0.25 t-0.25

(77.514) (-3.549) (2.404)

2
AdJ R = 99.8 DW = 1.509 SE = 1.1594
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Lagged investment I
t -0. 2~5

Wé\S obtained approximatcly by

adding ~V4 of investment in é\ given year to 1/4 of investment: in tlle

theand

c(J(7~ff i c i E'nt~:;

leveI,

together explain 98 percent o~

theat

i n I
t+0.25

signific:ant
th<." V,,\Ir i at i em

previous year. lhe variables I and K
t t

lhe palrt ial

stat i!:;tically
expected signs. lhe Durbin H = 1.520 statistic does not show evidence

i
of autocorrelat ion among the residuaIs. lhe regression equat ion

impliE:£",th,,\t an inCl"'Eas.E in currEnt invEstmEnt: of onE bil1ion CClnstc\nt:

cru~~e,,'il"os would incre<.,se planned investment by Clr9il b i11 ion, wh i le <:l,

sim i 1alr in thE:' stock would dEcrease plannE.'d

investment by Cr$3.2 million. lhis means that ann incl"'ease in t h8

capital stock has only a mild effect on the leveI of investment

activity.

By making use of time lags in Equation (5), Ké\lecki (1971, p.

8-11) developed the HmechanismH underlying investment ,cycles in the

capitalist economy. An increase in invest:ment orders causes an

incl"'ease in the capital stock. lhis will exert a depressing effect on

investment activity, via

will unleash a

n K. lhe r~suIting decrcase in
t

downswing which is revcl"'sed on 1y aft Clr

invest:ment ol"'ders falI below the replacement leveI of the depreciated

c:apital stock. In time, the d€:~cline in the capit,,'"! stock will again

increase investment orders, via n K, and so the investment cycle is
t

comp 1et ed.

4. SlABILIlY ANALYSIS

lhe stability condition of Kalecki's investment model is yer~

important from the standpoint of Economic pol icy. lhe reason is thal

fluctuat ions In invEstment will be accompanied by fluctuations il
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e IIIpIo y IHen t and in c: () m E~. I( ,:\ 1ec k i .s fIJn dC:\m en t a 1 cI !J n a m i e ~~q IJa t i()rI ( ~.;j) l.oJ i 11

!:;E"rVE~as the b<:\si!:;fOlr the anc\l!:Jsis of the investment eyc1c (~:;f::e

Pindyck anel RIJbinfe1d, 1981, p. 384-88)~

NE"t invEstment

fol10wing identib:J~

and thf::cap i tal stock are re1ated by the

(6) I ::: 1<
t t

- K
t-1.

~;ljl)!;.;titllting Equat íon (6) into [quat ion (5) r anel transpnsin9r

we obtain=

(7 )

or, equivalently=

K
t+1

_. 1<
t

- d (K
t

- I( )
l-i

+ n I(
t

_. C ,

(8 ) I(
t+1

+ v K
t

+ d K - constant,
t-1

where v - (n - d - i).

The difference Equation (8) h~s the fol10wing characteristic
i

eqlJation=

(9)
2

h + v h + d - 0,

or h - 2.0454 h + 1.0422 :::0,

which can be solved for the two ctlaracteristic roots h - 1.0837 anel
i

h :::0.9617.
r)
c..

The cycl ieal oseillations in investment generated by [quat ion

(5) may be stabler damped, or exp1osive, depending on lhE" va1ue of the

coefficients d, n, and thE ~ime 1ag w. Since, according to the OLS

estimatE~;, t h 0~ d o rol i n <:-\ n t r o o t o f l h E" C h a r a c t E r i !:> t i c e q IJa t i o n
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pcsitivc, t:he time path cf inve!:;tm~:~nt:i!:;nonosc:il1atory. But sinc:e t:he
dom i n<.-\nt: I'°oot is 51 ightly greater than unity, the nonosc:il1atinn lo ".o.,

the Brazi1 ian economy appears to have been mildly unstable in t: hr~

period from 1947 to 1985. This means that the postwar time path cf the

Brazilian capital stoc:k, investmcnt, employment, and income has becn
explosive but nonosci11atory.

Th e i nvc=:stmen t t ime p,:\ t h g f?nelratecl by th e reg rE.'SS ion eql.J.<:\t i Dfl

cI c\ncl1'1, L.ange (1970, p.~36]) found that I<alec:ki 's inve!:;tmEont c:yclcy

lasting about nine years, had a decreasing .ampl itude. 8ut, as Lange

(1970, p. 361) observed: uThis cycley however, does not come to an cnd

because - according to Kaleck i - certain accidental disturb~ncps t~kp

place whic:h set thE.'facling c:ycl€~ in motion again, and continue to I:eep
it a1ive.u

5 - SIMULATION PERFORMANCE

Figure 12 compares actual net investment with their predicted

va1ues generated from the rcgression equation. Predicted i nVEst f(lcnt:

tn:\cks actua1 investment very c1osely. A model designed for forc-

casting purposes should have as sma11 a standard error of for2cast as

possib1e. A uSEfu1 test of performancE of EX post forecasts i5 Thc11 's

inequa1 ity cOEfficicnt (see Th0.'i 1, 1966, p. 59; Pindyck and

Rubinfe1d, 1981, p. 364-365):

Thei1 '5 U :::SQR {SUM (P
t

A )
t

2
I SUM A }::: 0.0;~~4L

t

This means that the root-mean-square er~or (RMS) of the

regression equat ion is 2.4 pEr cent of lhE RMS error that would have



b (~e n (J b s (~I"V Ed
:J

7

i f w(:: h ad b eGn c:on f i n c-:cI to ,;\ n ,';\i ve n D'-'Ch ,Ui 9 (~ f DI" c ....

castingu
model prDvidEs a powerfull cxplanatiDn of postwar investment bchavior

em simpl if~~ing <:\~:;5I.lmpt:iCHi~:; •• L.acl<ing sl.litablc dat<:~r

b o t h t h c 5 t a t E ,:\fi d f o I" E i fJ n !:; f:.' c t cw 5 WE r c b c\ 1 c\n c c d

we ,';\ssumed that:

i 'rI t h E.' P C r' i ()d

con5idcrcc! .. A more suitable cst imation of thc capital st:oel< (such as

by thc perpetuaI invEntory method) would a150 be de5irable. The medel

a150 faiIed to gcneratc cndogcnous invcstmEnt cyelEsu

6 - CONCL.UDING REMARKS

T h i 5 P a P c r h a!:', !:;h C)\l) n t h a t: i n v 0.'s t me n t in postwar Brazil has

b E h av e d III i 1d 1y 11iH; t a b 1e. H o vH:: v (~T" I( a 1cc k i '~:; mo de 1 h (:\!:; b (2En u Iia b '1e t o

gcncrate endogcnous cyclical bchavior in Brazilian investmcnt. This

SUggcsts that: act:llal osciIIat ions may havc bcen gcneratcd by externaI

impu 1sC~::'" ~)11 in comparat iVE 'analyscs of the U.S.

eeonomy gcnerat:ed noncycl ieal bchavior in the absence of shoc:ks (5ec

Z a !r no 1.>!i t 'Z,. Bo 5C h ,:\n r i'\ nd MO O i"f::.' 7 1 9 7 2 ). 8 I.l t t h i 5 Ir e 5 U 1 t: i 5 incon~::i ~ltent

with the Expectation of investment behavior in the capital ist EConomy.

Th E qUE'S t i em ar'i 5<-::5wh E:t:h et~ 1< a 1 (~CI( i . 5 mod E'1 i5 <':\ P De)\" r ep I~esen ta t i Clfl

of the actual 8razil ian economy in the postwar periDd.



1 - The Durbin-Watson tcst is i nsu i t,':\ble

8

in thc case of lagged

enelogcnous variables. As an altErnat iVE, wc USE Durbin's stat ist ic

H = r S~R {CTI [i T v a r Cd )] } , w h f! Ir (~ T is thc number o¥

ob SClr VC\ t i on ~:;r d

•

variablc. anel r = 1 - DW/2 is thc coefficicnt of autocorrclation

among thE residuaIs. If H>1.645. the nul1 hypothcsis of zero

anel Rubinfeld. 1981. p. 194-95).

2 - The transient solution of Equation (8) is found by setting the

right-hand sidc of the fundamental dynamic equation equal to zero

(8a) K -}o v
t+2

K
t +1

.•. d I( ".~0.
t

anel then assuming

(8b) K
t

t h <.d: th é sol u t:i o n (Jf t ti i s e q u a l i o n i 5 ~
t

=, A h •

Subst: itut inn Equat im) (8b) into Equat íon COa). vH;~ obtain:

(Oc)
t +2

A h + v
t +1

A
t

.•. d A h _. 0

t
After dividing thc abovc Expression by A h. we obtain the
'" I I ':':\ rI V" -:'.\ f. i r- h n I I ~... i r'\r~ (c> \
•.1•••••'\.o''''' I \..~... I \_ •.•••., ',.' ""'".... I \J I I "',.

3 - The pair (P • A ) stands for the pair of predictEeI anel actual
t t

va 1u F::s. U -, 0 i f alI t h E f 0/" f.' C é\ 5 t 5 a I" e fi c-:r f E C t (P = A. f o 1" a 1 1
t: t:

t)~ also. U - 1 whEn the rEgrESsion Equation produces the same RMS

Error as naiVE no-change extrapolation (sce Thei1, 1966, p.2f:l).
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APPENDIX: DATA SOURCES AND METHODS

The Brazil ian Gross Domcst ic Product (GDP), Gross Investment

(GI), anti Depreciation ( [) ) are estimated by the Getul io Vargas

Foundation (FGV - Rio de Janeiro) and usually reported in Conjuntura

Ec:onomica"

investment.

I
t
All

used in the regrcssion represents real private net

in 1970 cruzeiros. After severa1

,r cv i 5 j on s, the FGV has not yct offcrcd a consistent postwar serics of

the Brazil ian Nat ional Accounts. We use the series concatenatcd by

~1asashi Nalllel<c\wa, "Uma Not a sobre a Ser ie de Longo Pn:\~::odas C(Jnt a~:;

Nacionais: 1947-82" (no further information). The series havc bccn

updated to 1985 with information from Conjuntura Economica. March 1985

and January 1986.

Since Brazi1 does not have a benchmarl< estimate of the

capital stock, the net capit~1 stock (K) used in the regression

equation was generated by a three step procedure: first, the capita1-

output ratio and the initia1 value of the net capital stock were

Estimated from Harrod-Domar's accelerator equat ion:

(A-i) K = v (GDP - D)
t t

where K is the only unknown.
t

obtain:

Taking the first-difference across Equat ion (A-i), wc

(A-2) d K
t

= v d (GDP - D)
t

(A-3) (GI - D)
t

= v d (GDP - D) •
t

The capital~output rat io was estimated as the mean of



I I (Y
t t

- Y ) - 2.828. std = 1.398.
t -j.

11

where I :::(GI - O) denotes net investment anel y::: (GDP - D) denotes

Net Domest ic Product. The capital-output coefficient was estimated for

the trendless period 1947-1980.

Second. we estimated the initial value of the net capital

stock with the computed capital-output ratio anel the estimation of

Potent ial Net Domest ic Product. Examining the residuaIs of the 109 of

the Brazilian Net Domestic Product regressed against time. we observe

that its first major postwar peak. when actual output cameclosest to

potential output. was attained in 196L Hence. the initial net capital

stock was estimated from the actual Net Domestic Product in 1961.

(A-4) K
1961

::::2.828 Y
1961

Third. the net capital stock and net

relateel by the following equation:

investment series are

(A-5) K ::::I
t t

+ K
t-1

The Brazilian net capital stock generate with this procedure

is reproduced in the Appendix.
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GROSS OOMESTIC PRODUCT, GROSS INVESTMENT, DEPRECIATION,
ANO NET CAPITAL STOCK IN 8RAZIL
(In Bill ions of 1970 CruzEiros)

================================================================:==::====
YEAR GOP GI O K==========::===========================================================
1947 42.3 7.0 2.4 186.3
1948 45.7 7.4 2.9 190.7
1949 48.7 8.1 3.3 195.6

1950 51.6 9.1 3.7 201.0

1951 54.7 11.4 3.7 208.7
1952 59.9 12.6 4.4 216.9

1953 62.0 10.9 4.1 223.7

1954 68.1 12.2 4.1 231.9

1955 73.6 11.8 4.8 238.9

1956 76.6 13.0 5.0 246.9

1957 83.2 15.1 5.7 256.4

1958 90.0 16.4 5.3 267.5

1959 96.0 18.9 5.3 281.2
4QLOI 105.6 20.7 6.0 29.5.8_, _w

1961 116.7 22.8 6.3 312.3

1962 123.1 24.5 6.3 330. ~j

1963 125.5 24.8 6.3 349.1

1964 j.30.3 26.5 6.9 368.7

1965 135.3 26.8 7.5 388.1

1966 140.7 31.1 8.1 410.9

1967 147.6 31.8 8.4 434.3

1968 164.1 38.4 9.3 463.4

======================================================================
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GROSS DOMESTIC PRODUCT7 GROSS INVESTMENT7 DEPRECIATION7

AND NET CAPITAL STOCK IN BRAZIL
(In Billions of 1970 Cruzeiros)

=======:===============================================================
YEAR GDP GI D 1<======================================================================:
1969 180.3 43.0 10.0 496.4

1970 196.1 46.7 10.8 532.3

j.971 219.7 54.3 12.1 574.6

1972 244.1 60.9 13.2 622.2

1973 277.2 71.6 15.0 678.8

1974 304.2 83.1 16.0 745.9

1975 320.6 93.7 16.8 822.8

1976 351.8 102.1 20.1 904.8

1977 372.0 100.2 20.6 984.4

1978 390.6 105.6 21.7 17068.3

1979 415.6 109.8 24.5 17153.6

1980 445.5 117.3 26.9 17244.0

1981 438.6 103.2 25.0 17322.3

1982 442.7 98.9 26.7 17394.4

1983 428.7 81.6 28.4 17447.6

1984 448.0 80.8 25.5 17502.9

1985 485.1 87.1 27.6 17562.4

======================================================================



I(t)

100 í
90 I
80 r
70 !r
60 ~

I
~ 50 ~1
I
I

40 l.i
t.

30 l.\ I
I

20 Ii
;

10

o

BRAZIL, 1947 1985
ACTUAL ANO PREDICTED NET INVESTMENT

(In billions of 1970 Cr$)

.L-l.-L..L ..l_L l_l_I_~L-LI._LL..L..l ..J..-l_.1-L- LJ .~J_.LJ_1-J -..l_L.L ..L..L._L J..-1...L_

o ~ o ~' o ~ o mm m m m ~ ~ m 00m rn rn rn rn rn rn m- -- - - - - -

Actual I (t)

'_._"-
Pred ictQd I(t)

------



i. .

.•.

5tandardized ResiduaIs

;r • o•••

.~' BRAZ I L, 19 4 7 - 19 85
NET INVESTMENT CYCLES

(Inbillions of 1970 Cr$)
f.

2

1

o

-3
I _L..L..L....L I I J ...L-LJ-l-L.J 1 I I.. 1 ....o.-

-4
tf1
If)
CJ)....•

I I I J

o
ill
O)
,....•

o
l'-rn....•

tf1
r----
tJl•....•

oco
CJ)....•

L'1co
CJ).....•


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019

