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Liquidity Constraints and the Behavior of Aggregate Consumption over the Brazilian 
Business Cycle 
 
 

Abstract 
 

The Brazilian business cycle presents a key feature consisting of a high volatility of the consumption series. 
The standard deviation of the non-durable consumption series reaches 5.26%, almost as high as the volatility 
of the GNP (5.57%) over the period 1970-1998. The failure of the standard real business cycle model to 
capture this fact could be related to the high credit restriction most consumer faces in the country. The present 
study aims to present an extended recursive general equilibrium model to better mimic the above empirical 
evidence, introducing heterogeneous agents in the model economy characterized by a set of agents who does 
not behave according to the permanent income hypothesis due to the credit restriction they face every period. 
The numerical analysis of the proposed model economy reproduces the high volatility present in the Brazilian 
consumption series. However, the correlation between output and investment series is underestimated due to 
the presence of those agents who cannot smooth out consumption over the business cycle. 

 

 
1. Introduction 
 

One of the key features present in the Brazilian business cycle is the high volatility of 
the aggregate consumption series1. Ellery Jr., Gomes and Sachsida (2002) show that, for 
Brazil, the standard deviation of the aggregate non-durable consumption series (5.16%) is 
as high as the one corresponding to the aggregate output series (5.57%), the correlation 
coefficient between the series being 0.8087. 

The standard model used in the real business literature is not able to capture the above 
stylized fact due mainly to the theoretical assumption according to which agents optimally 
are able to smooth out consumption over the business cycle produced by the model 
economy. In other words, typically in those models, agents can behave according to the 
permanent income hypothesis because markets are complete; therefore, they are able to 
finance their "smooth" sequence of consumption despite their volatile income, such that the 
expected present value of their lifetime utility stream can be maximized. 

Issler and Rocha (2000), using the partial equilibrium framework suggested by 
Campbell and Mankiw (1989) and the Brazilian data set, estimated the share of liquidity-
constrained consumers to be as high as 75% of the consumers in the country. Reis et all 
(1999) reached also o similar magnitude. These studies strongly suggest, first, the need to 
introduce a set of credit-constrained agents into the model economy in order to capture this 
restriction faced by most agents and, second, that this credit restriction could be the cause 
of the high volatility of the aggregate consumption series present in the Brazilian empirical 
evidence2. 

Based on the above arguments, the present study aims to construct a dynamic general 
equilibrium model, which could reproduce the key characteristic of the Brazilian business 
                                                 
1 Mendoza (1995) and Carmichael, Kéita and Samson (1999) show that this fact is common among 
developing countries but durable consumption is included in the aggregate consumption series used. 
2 The relevance of liquidity constraints is clearly stated and analyzed by Charmicael, Kéita and Samson 
(1999), using an overlapping generations framework for small open developing countries to mimic the small 
positive correlation between the trade balance and the terms of trade as well as a small negative correlation 
between the former and the aggregate output. 
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cycle regarding the high volatility of the aggregate consumption series. To this end, a basic 
model of infinitely lived agents is extended to introduce heterogeneous agents, for a large 
group of them are restricted to consume all their income at every period. Once the model is 
calibrated with parameter values consistent with the Brazilian aggregate data, the 
simulation results show that the model can better mimic the Brazilian key stylized fact. 
Indeed, the model generates an aggregate consumption series as volatile as the aggregate 
output series. 

In some sense the model presented in this paper is a simplified version of the model 
presented in Carmichael, Kéita and Samson (1999)3. Those authors present a model where 
some individuals are restricted to consume all theirs income at each period in the same 
fashion as the restricted agents of the model in this paper. The model in Carmichael, Kéita 
and Samson is a small open economy model with an overlapping generation structure, also 
it allows for firms in n different sectors operating in the market at each period. The model 
in this paper presents a closed economy with agents that live for an infinite number of 
periods. Also there is only one good that may be produced by firms operating one of the 
two available technologies. The similarities between the two models and the fact that the 
model in Carmichael, Kéita and Samson (1999) deals with far more complexities than the 
one presented in this paper justify that the second model consists in simplification of the 
first model. 

The paper is organized as follows. The next section will provide some statistical 
properties of the Brazilian aggregate consumption series. Particularly, the volatility of this 
series vis á vis the volatility of the aggregate output series will be emphasized. Section 3 
will present the extended stochastic general equilibrium model as well as the definition of 
the recursive equilibrium, which will be numerically solved for. Section 4 will introduce 
the calibration and the results of the simulations. Finally, the last section will discuss the 
main conclusions and some suggestions for future research. 

 
2. Statistical Properties of the Brazilian Aggregate Consumption Series 

 
As for many developing countries, Brazil's aggregate consumption series presents a 

high volatility as well as a high correlation with aggregate output. Camichael, Kéita and 
Samson (1999) report a business statistics table for a set of developing countries and using 
data from the International Financial Statistics (IMF) estimated a standard deviation of 
13.16% for the Brazilian consumption series and a correlation coefficient with real GDP of 
0.866 for the period 1968-1993. However, the data on consumption includes durable goods 
as well as the variation on inventory stock since 1986, which is not theoretically consistent 
with the model economy employed in the business cycle literature. 

In order to overcome with the above inconsistency in the data for working with 
business cycle models, Ellery Jr, Gomes and Sachsida (2002) elaborated a series using the 
Brazilian National Account Tables (IBGE) covering the period 1970-1998. Even though 
this data source presents a methodological problem for, as mentioned above, durable 
consumption and since 1986 changes in inventory stock are included, they skillfully end up 
elaborating a series of aggregate consumption series consistent with its theoretical 

                                                 
3 While it is true that the model is a simplification of the model in Carmichael, Kétia and Sansom (1999) it is 
important to remark that it was constructed and proposed as a dynamic general equilibrium version of the 
model in Campbell and Mankiw (1989). 
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definition used in the real business cycle models. The authors exclude those components 
from the original series using the Input-Output matrices (IBGE) of 1970, 1975, 1980, 1985 
and 1990 to 1998. According to their study, the standard deviation corresponding to the 
non-durable consumption series is 5.25% whereas the durable consumption series presents 
a higher volatility of 11.43% and, the cross-correlation of the former with output of 0.8087. 

The above two references clearly suggest that Camichael, Kétia and Samson (1999) 
over-estimate the volatility of the Brazilian aggregate consumption relevant for the business 
cycle model as well as the correlation of consumption to the aggregate output. Therefore, 
for the purpose of the present article, the statistical properties of the Brazilian aggregate 
non-durable consumption presented by Ellery Jr., Gomes and Sachsida (2000) will be 
adopted. 

Figure 1 below graphically introduces the series of non-durable consumption and 
aggregate output for the period 1970-1998. Both series present almost the same high 
volatility captured by their respective standard deviation of 5.26% and 5.57% respectively. 
Thus, the Brazilian empirical evidence shows that the volatility of aggregate non-durable 
consumption series accounts for 94.43% of the volatility of aggregate output. 

 
Figure 1: Consumption of Non-Durables and GNP Cycles (1970-1998).4 
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Simulations using the standard business cycle model generally reproduces a volatility 

of consumption as high as two third of the GNP series, well below the evidence shown by 
the data5. Clearly this point has to be theoretically better considered, in particular, if a 
business cycle model is used to analyze the Brazilian stylized facts. 

                                                 
4 Source: Ellery Jr., Gomes and Sachsida (2000). Filtered aggregate non-durable consumption series (H-P 
Filter, λ = 100). 
5 See Cooley and Prescott (1995), Ellery Jr., Gomes and Sachsida (2000), Kanczuk and Faria 2000) and Val 
(1999). 
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A possible explanation, for the limitation of the standard business cycle model to 
account for the high volatility presented in the Brazilian consumption data, is based on the 
fact that a large proportion of individuals in the country face a liquidity (credit) constraint. 
Hence, they are not able to (optimally) smooth out their consumption stream over their 
lifetime. Therefore, these agents cannot behave according to Friedman (1957) and Hall 
(1978) permanent income hypothesis. 

Issler and Rocha (2000) and Reis et alli. (1999), among others, econometrically 
studied the Brazilian consumption series. The former authors show that consumption and 
output series have a common stochastic trend, for both series are co-integrated, and a 
common cycle, for variations in the expected value of consumption is proportional to 
variations in aggregate output. Moreover, they show that the tested model cannot be 
statistically accepted in its unrestricted form and, they estimate the share of liquidity 
constrained population to account for 76% of the Brazilian consumers. The later, on the 
other hand, shows that the share of non-constrained consumers is statistically near zero. 
These studies strongly suggest the relevance of the large proportion of liquidity constrained 
agents behind the Brazilian aggregate consumption behavior, specially if these results are 
compared with Vahid and Engle's (1993) result estimating the proportion of USA 
consumers facing credit restrictions to account for 51% of them. 

Another indication of the existence of such a large set of credit restricted agents in the 
Brazilian economy arises from econometric studies which try to estimate the value of the 
inter-temporal elasticity of substitution for the country. Cavalcanti (1993) and Gleizer 
(1991) suggest that this parameter, estimated from the response of the consumption to 
variations in the interest rate, has a value close to zero. These studies support the relevance 
of the liquidity constraint: the consumption of agents facing it will not be sensitive to 
variations in the interest rate. 

Therefore, based on the above arguments, an extended model economy which 
accounts for a set of credit restricted agents will be built aiming to reproduce the high 
volatility of consumption present in the behavior of the Brazilian business cycle.  

 
3. The Model 
 

The model economy consists of a continuum of individuals with measure one. Some 
of the agents are restricted to consume all their income at every period. Type 1 agents are 
non-restricted and λ measure their participation in total population, whereas type 2 agents 
face a complete credit restriction preventing them to inter-temporarily transfer their income 
and, (1 - λ) represents the proportion of the later. There is only one non-storable good that 
may be produced in the economy with two alternative technologies. 

The first one uses labor as well as capital input and is available only to the non-
restricted (type 1) agents. Since the restricted (type 2) agents are not allowed to accumulate 
capital they are constrained to use an alternative technology. This alternative technology 
uses only labor to produce the single good of the economy. Moreover, assuming an 
additional hypothesis about the relationship among the parameters characterizing the inter-
temporal preference and the technology available in the model economy, it will be optimal 
for the type 1 agent to use the technology only available to this type which is not  available 
for the type 2 agent for this type does not have the required capital input needed. Therefore, 
each type uses only the respective available technology, to produce the single good. The 
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rest of the section will describe the problem each type of individual faces, the technologies 
available to each of them, and the recursive equilibrium of the model. 
 
3.1 Type 1 Representative Agent (RA-1) 
 

The agent of the first type is modeled as in the standard real business cycle model. At 
each period he/she chooses how much to consume and how much to save for next period. 
They are not subject to any restriction on their ability to borrow or to lend, so they will 
behave optimally in order to smooth out their consumption stream over the business cycle. 
 
3.1.1 RA-1’s Preferences 
 

The type 1 RA has preferences defined over the stochastic sequences of consumption 
1
tc  and leisure 11 1 tt hl −= , described by the particular utility function given below: 
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tt
t hacaEU β         (1) 

 
where 0E  denotes the expectation, and β the discount factor, with )1,0(∈β . The individual 
has one unit of time each period to divide between leisure and hours to work ( 1

th ). Every 
period this agent faces the budget constraint given by: 
 

tttttt krhwic +≤+ 111             (2) 
 
where ti  is the investment, tr  is the real interest rate, tk  is the stock of capital previously 
accumulated and, 1

tw  is the real wage for individuals of type 1. 
Therefore, the problem of type 1 agent will be set as maximizing the expected 

discounted utility (1) subject to the per period budget constraint (2), given the linear law of 
motion for capital accumulation: 
 

ttt ikk +−=+ )1(1 δ             (3) 
 
where δ is the rate of depreciation. The initial capital stock, 0k , is assumed to be known to 
the household. Once the preferences are fully characterized the technology available to 
these type 1 agents are described below. 
 
3.1.2 RA-1's Technology 
 
The technology available to type 1 agent is characterized by a constant return to scale 
Cobb-Douglas production function given by: 
 

θθ −== 11111 )(),( ttttt hkzhkFy          (4) 
 



 7 

where the optimal choice of labor ( 1
th ) and capital ( tk ) of this type are the inputs to 

produce their output 1
ty . The exogenous technology shock is capture by 1

tz  containing a 

stochastic component given by 1ω , such that 
11 tezt

ω= , which follows a first order Markov 
process: 
 

1
11

1 ++ += ttt ερωω            (5) 
 
where 10 << ρ  represents the first order auto-correlation coefficient and, ε  an 
independent and identically distributed random variable drawn from a normal distribution, 
zero mean and finite variance 2

εσ . 
The firm optimally chooses capital and labor so that their respective marginal 

products are equal to the real return of per unit input in competitive markets, according to 
the first order conditions for the firm's profit maximization problem, i.e. 

θθθθ θθ −−−− == 1111
..

1111 )()( ttt

ccm

tttt HKzhkzr         (6) 
 
is the return to the capital stock services and, 
 

θθθθ θθ −− −=−= )()1()()1( 11
..

11
ttt

ccm

tttt HKzhkzw         (6) 
 
is the real wage for labor input, where m.c.c. stands for the introduction of inputs markets 
clearing conditions. 
 
3.1.3 RA-1's Dynamic Programming Problem 
 

Given the above set up of the model for type 1 agents regarding their preferences and 
available technology, the corresponding dynamic problem faced by the RA-1 can be 
described as: 
 

{ })',',()1ln()ln()1(max),,( '1
1

11

},{

1
11

KkzEVhacaKkzV t
hc

t
tt

++−+−= β    (8) 

 
subject to (2),(3) and (5), where )(1 ⋅V  denotes the value function to the representative 
agent of type 1. Furthermore, the agents are subject to the law of motion for aggregate 
capital: 
 

),()1(' KzIKK +−= δ             (9) 
 
given initial per capita aggregate capital stock, 0K  and initial productivity shock 1

0z . 
With the above description of the dynamic programming problem for type 1 agents, 

the problem for the credit restricted agents, type 2, will be characterized next. 
 

3.2 Type 2 Representative Agent (RA-2) 
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Type 2 agents are assumed to be restricted to consume all their income at every 

period. Therefore, since they are not allowed to save, they do not accumulate any kind of 
capital. However, they can also produce the single good of the economy using an 
alternative technology with only labor as input. Due to this restriction, this type of agents 
cannot behave according to the permanent income hypothesis, they rather behave as an 
extreme keynesian consumer. 

 
3.2.1 RA-2’s Preferences 
 

Similarly to type 1 agents, the type 2 representative agent has preferences defined 
over stochastic sequences of consumption 2

tc  and leisure 22 1 tt hl −= , described by the 
utility function: 

 

( )[ ]






 −+−= ∑

∞

=0

22
0

2 )1ln()ln(1
t

tt
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As a result of imposing the credit restriction over this type of agent, the corresponding 

budget constraint will take the following specification: 
 

222
ttt hwc ≤              (11) 

 
The main implication of the above restriction, (11), is that type 2 agents will be bound 

to decide how to allocate his unit time available per period between leisure and work. In 
this sense, there is not, strictly speaking, an inter-temporal choice problem imposed to this 
type of individuals. They will choose the same amount of leisure no matter the period. 
 
3.2.2 RA-2's Technology 
 

The technology accessible to the RA-2 is also characterized by a constant return to 
scale in its (single) labor input. For simplicity, this technology is described by a linear 
relationship, hence, the production function will be assumed to have the following 
functional form: 
 

2222 )( ttt hzhGy ==             (12) 
 
where 2

th  represents the type 2 labor input choice and, 2
tz  the productivity shock particular 

for this type, containing a stochastic component given by 2ω  such that 
22 tezt

ω=  which 
follows a first order Markov process: 
 

1
22

1 ++ += ttt ξρωω             (13) 
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where 10 << ρ  represents the first order auto-correlation coefficient and, ξ  an 
independent and identically distributed random variable drawn from a normal distribution, 
with zero mean and finite variance 2

ξσ . 
It is assumed that the productivity shocks for each type of agent, 1z  and 2z , have the 

same persistence, capture by the parameter ρ, however, they may differ in their innovations, 
ε and ξ. Moreover, it is assumed that the innovations tε  and tξ  are independent of each 
other. 

Based on the above technological assumptions, the optimal choice for the firm 
operating this type 2 technology is given by the first order condition for its profit 
maximization, setting the return to the type 2 labor input equal to the corresponding per 
period marginal productivity shock, i.e. 
 

22
tzw =              (14) 

 
 

3.2.3 RA-2's Dynamic Programming Problem 
 

As already mentioned in the above section 3.2.1, there is not an actual dynamic 
programming problem posed to the individuals of type 2. In order to prove this assertion 
notice that the Bellman Equation associated with type 2 agents has the following form: 
 

{ })()1ln()ln()1(max)( '2
1

22

},{

2
22

zEVhacazV t
hc

t
tt

++−+−= β      (15) 

 
subject to (11) and (12). It is straightforward to see that the solution to this problem will be: 

 
taht ∀−= )1(2             (16) 

 
which is clearly constant for every period. 

Given the above set up for both types of agents of the model economy, the following 
additional assumption will be introduce in order to justify the (optimal) utilization of the 
first type of technology by type 1 agents, so that these agents will not have any incentive to 
use the technology with labor as the only production input6. 

 
Additional Assumption: The set of parameters characterizing the inter-temporal 
preference and the available technology in the model economy are such that: 

 

δθθ
β θθ −+−
> − 1)1(

1
/)1(  

 
3.3. Recursive Competitive Equilibrium 
 
                                                 
6 Appendix A shows that this additional assumption will be sufficient for the type 1 agent to optimally use the 
technology only available to him/her. 
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A recursive competitive equilibrium for the above model economy consists of a set of 
value functions, ),,( 11 KkzV  and )( 22 zV ; a set of decision rules, ),,( 11 Kkzc , 

),,( 11 Kkzh , ),,( 1 Kkzi , )( 22 zc  and )( 22 zh  for the two types of individuals; a 
corresponding set of aggregate per capita decision rules, ),( 11 KzC , ),( 11 KzH , ),( 1 KzI , 

)( 22 zC  and )( 22 zH ; and factor price functions, ),( 11 Kzw , )( 22 zw  and ),( 1 Kzr , such 
that these functions satisfy: 

 
1. The dynamic program of the individuals of type 1, (8): 

{ })',',()1ln()ln()1(max),,( '1
1

11

},{

1
11

KkzEVhacaKkzV t
hc

t
tt

++−+−= β  

subject to (2), (3) and (5); 
2. The dynamic program of the individuals of type 2,7 (15): 

{ })()1ln()ln()1(max)( '2
1

22

},{

2
22

zEVhacazV t
hc

t
tt

++−+−= β  

subject to (11) and (13); 
3. The optimal behavior of the firms of type 1, (6) and (7); 
4. The optimal behavior of the firms of type 2, (14); 
5. The consistence of individual and aggregate decisions, that is, the conditions: 

),(),,( 1111 KzCKKzc = , ),(),,( 1111 KzHKKzh = , ),(),,( 11 KzIKKzi = , 
)()( 2222 zCzc = , )()( 2222 zHzh = , ),,( 21 Kzz∀ ; 

6. The aggregate resource constraint: 
[ ] ),()1(),,()()1(),(),( 22211122111 HzyHKzyzCKzIKzC λλλλ −+=−++  

 
This completes the description of the modeled environment and of the equilibrium 

concept. The next section will proceed with the calibration of the model economy and the 
results of the numerical simulations. 

 
4. Calibration and Simulation Results 
 

This section will present the calibration for the model economy above as well as the 
main results from the simulations. The numerical method used to solve for the defined 
recursive competitive equilibrium was the so called eigenvalue-eigenvector 
decomposition8. 
 
4.1 Calibration 
 

The calibration of the parameters will be made based on the methodology proposed 
by Prescott and Cooley (1995). Therefore, the model is calibrated so that it matches certain 
long-run properties of the Brazilian data. However, for some parameter values, estimations 
or evidences from other authors will be used as it is the case for the intertemporal elasticity 
of substitution, the elasticity of substitution between consumption and leisure and the share 

                                                 
7 Observe that in fact, as discussed in the previous section, for this type, there is no, strictly speaking, a 
dynamic programming problem. 
8 A fair description of the method may be found in Farmer (1993) and Novales et all (1999). 
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of restricted individuals in the total population parameters' values. For the specification of 
the utility function it was assumed that both elasticities are equal to one. The lack of a 
consensual estimation for those parameters is the main reason to justify this choice. On the 
other hand, the lack of any trend for the per-capita leisure series suggests that the elasticity 
of substitution between consumption and leisure is near one9. 

The rate of depreciation of capital, δ, is set equal to 12%. For the share of capital 
income on aggregate output, the Brazilian National Account Statistics suggests that this 
share reaches 49% of the output. This observation implies that: 
 

49.0
)1( 21

1

=
−+ yy
y
λλ

θλ            (17) 

 
Observing that the value of the discount factor, β, should be able to reproduce the 

capital/output ratio observed in the Brazilian economy, which according to the series 
provided by the Institute of Applied Economic Research (IPEA) accounts to 2.7,10 this 
share requires11: 

 

7.2
)1( 21 =

−+ yy
k
λλ

λ            (18) 

 
Data from various household surveys (IBGE-PNAD) suggest that the typical 

Brazilian spends nearly 31% of his time at work12, implying that: 
 

31.0)1( 21 =−+ hh λλ            (19) 
 
The above calibration equations (17), (18) and (19) depends on the value of the share 

of the non-restricted agents in the economy, λ13. Following Issler and Rocha (2000) the 
proportion of unrestricted agents in the model economy, λ, will be set at 0.24. With this 
parameter value at hand, it is possible to numerically solve the calibration equations (17), 
(18) and (19) for the set of parameters. Thus, the discount factor taken as β = 0.96, the 
share of capital income in sector 1 output θ = 0.65 and, the marginal utility of leisure a = 
0.68, turns out to be compatible with the empirical facts present in the Brazilian economy. 

Now it is only left the parameter values that describe the law of motion for the 
productivity shocks for the two types of technologies, 1z  and 2z . There are three 
parameters that are related with the stochastic shocks. The first is related with the 
persistence of the shock, ρ, its value was fixed as 0.589 as suggested by Ellery Jr., Gomes 
and Sachsida (2000). The other two parameters, εσ  and ξσ , are related with the volatility 

                                                 
9 See Gomes, Ellert Jr, and Sachsida (2000). 
10 See IPEADATA (http://www.ipeadata.gov.br) 
11 Actually, 2.7 represents the wealth/income ratio, this ratio seems to be more appropriated since real 
business cycle models assumes the stock of non-durables consumption good as a part of the capital stock. 
12 See Gomes, Ellery Jr, and Sachsida (2000). 
13 This share was estimated by Issler and Rocha (2000) and by Reis el all (1999). 
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of the shock. Their values were chosen in order to match the volatility of the Brazilian 
GNP. 

Even though the standard model was calibrated to reproduce the set of empirical facts 
present in the Brazilian economy, since all the output is produced in the non-restricted 
sector, the value of the parameter θ need to be calibrated again. To be consistent with the 
Brazilian National Account Tables this parameter should be set at θ = 0.49. The other 
parameters will remain at their previous values. A small adjustment was made in the 
standard deviation of the innovation in order to allow comparisons between the model with 
liquidity constraints and the standard real business cycle model and, to reproduce the 
observed volatility of the Brazilian aggregate output, the standard deviation of the 
innovation process corresponding to the type 1 technology shock was set to εσ  = 0.044. 

Furthermore, the above calibrated parameter values are consistent with the additional 

analytical assumption, for 8.0
1)1(

196.0 /)1( =
−+−

>= − δθθ
β θθ . 

Table 1 bellow resumes the calibration of the model. 
 

Table 1: Calibration 
Parameter Value 

Depreciation (δ) 12% 
Capital share in sector 1 (θ) .65 
Proportion of unrestricted agents (λ) .24 
Discount factor (β) .96 
Marginal utility of leisure (a) .68 

 
 

4.2 Simulation Results 
 
Table 2 below reports the statistical properties of the series generated by the standard 

growth model, the model proposed in this paper as well as the empirical evidences from the 
Brazilian data14. Focus will be given on the standard deviations of selected variables and on 
the correlation of these (current and one period lagged) variables with the output. 
 

Table 2: Cyclical Behavior from Data and Simulations 
Brazilian Facts (1970 – 1998) Correlations 
 xσ % GNPx σσ /  ),( 1 GNPx−  ),( GNPx  ),( 1 GNPx+  
Output 5.57 1.000 .5829 1.000 .5385 
Consumption 5.26 .9443 .5487 .7540 .2402 
Investment 12.77 2.293 .3579 .8510 .6509 
Hours (from FIESP 1975 – 1998) 7.31 1.323 .3839 .6966 .4671 
      
Standard Model      
      
Output 5.57 1.000 .3592 1.000 .3592 

                                                 
14 The facts were reported in Gomes, Ellery Jr., and Sachsida (2000). 
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Consumption 2.03 .3650 .0790 .7725 .6889 
Investment 13.20 2.370 .4110 .9830 .2370 
Hours 3.09 .5560 .4380 .9528 .1453 
      
Liquidity Constraints Model      
      
Output 5.57 1.000 .3456 1.000 .3456 
Consumption 5.48 .9823 .2538 .8278 .3438 
Investment 9.85 1.766 .3084 .7837 .2112 
Hours .52 .0937 .3268 .5187 -.2267 
 

If the Statistics derived from the Brazilian data are compared to the ones obtained 
from a standard real business cycle model, these numbers suggest that the standard model 
fails to explain the high volatility of the consumption15 vis-a-vis the volatility of the output. 
In this sense, the present model with liquidity constraint provides a better match with the 
empirical facts in regard to the volatility of the consumption series than the standard model. 
Particularly relevant is the fact that the share of restricted agents proposed by Issler and 
Rocha (2000) is compatible with the model. 

The contemporaneous correlation of consumption and output increases to a level 
above the observed in the Brazilian data. This is the case because more than 70% percent of 
the population is restricted to consume all their income at each period, meaning that for 
these agents the correlation between consumption and output is one. 

The model assumes that a large share of the population operates a technology that 
uses only a labor input. So the model is prone to underestimate the correlation between 
investment and output. This effect is also illustrated in Table 1. The introduction of capital 
in the technology operated by type 2 agents should be able to reduce this undesired side 
effect, constituting a topic for further future study. As for the volatility of the investment 
series, the model with liquidity constraint as well as the standard model provides a fair 
match. 

 
7. Conclusion 
 

The paper proposed a model to explain the high volatility of the consumption vis-a-vis 
the volatility of the output observed in the Brazilian business cycle. Following the 
suggestion of Campbell and Mankiw (1989) it is assumed that a share of the population is 
restricted to consume all their income at each period. By incorporating this feature, the 
model is able to account for the large fluctuation observed in the consumption series 
relative to the output series, in the actual business cycle. The set up of the model is such 
that the credit constrained agents are restricted to operate a technology that uses only labor 
input. This assumption was introduced in order to allow the calibration as well as the 
numeric simulations of the model economy to be consistent with the empirical Brazilian 
aggregate business cycle evidences. 

The model succeeds in explaining the high volatility of the aggregate consumption 
series, highly correlated with the aggregate production series observed in the actual data. 

                                                 
15 The series of consumption to the actual economy includes only the consumption of non-durables, see 
Gomes, Ellery Jr., and Sachsida (2000). 
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However, it causes side effects on the series of investment, hours worked and on the lagged 
correlations as well, due to the assumption that the technology available to the type 2 agents 
uses only labor as input. The introduction of capital in the technology operated by the 
agents of type 2 is a suggestion for future research. 

Furthermore, the numerical simulations of the model economy turned out to be fully 
consistent with previous estimates of the share of liquidity restricted consumers in Brazil. 
As econometrically tested by Reis et all (1999) and Issler and Rocha (2000), the general 
equilibrium recursive model supports the hypothesis that nearly 75% of the consumers in 
Brazil are restricted to consume all their income at each period. An alternative approach 
where a share of the population will (optimally) choose to consume all their income at each 
period is another topic for future research. 
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Appendix: Sufficiency of the Additional Assumption 
 
 

The cost minimization problem for the type 1 firm can be written as: 
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From the firsts two equations of the F.O.C. one may obtain: 
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substituting this result into the third F.O.C equation: 
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Therefore the cost function takes the form: 
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while the marginal cost may be write as: 
 



 18 

θ

θθ

θθ

θ
θ

θ

θ
θ

θ
θθ

θ
θ

θ
θ

θ
θ

θ
θ

θ
θ






 −
−

=

=




 −






−
−+

=




 −





 +

−
=

=




 −+




 −






−

=

1
1

1
1

1
1

11
1

)(

1

1

1

111

1
11

1
1

1

1
1'1

t

tt

t

tttt

t

t
tt

t

t
t

t

t

t

t
ttt

w
rw

w
rwww

w
r

ww

w
rw

w
r

r
wryc

 

 
Competitive input market implies that their returns must equal their respective 

marginal cost for both type of technologies. Moreover, those returns must be the same 
regardless the technology used to produce the good. Hence, the real wage of the type 2 
agent must be equal to one16 and, for the type 1 technology the condition 1)( 1'1 == pyc tt , 
implies: 
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Thus, for type 1 agent will be optimal to work with the technology which uses labor 

and capital as long as 11 >tw , i.e.: 
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But it is a well know fact that, in steady state one must have: 
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Introducing the steady state condition, the sufficient condition for the (optimal) 

utilization of the first technology by the type 1 agent becomes: 
 

                                                 
16 Remember that E[z2]=1 and yt
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which also can be write as: 
 

δθθ
β θθ −+−
> − 1)1(

1
/)1(  

 
 



The ECO/UnB Working Paper Series 
 

The Department of Economics of the University of Brasilia publishes its Working 
Papers Series since April 1972. On August 30, 2002 the series was renewed with the on-line 
publication of the papers. All Working Papers may be freely downloaded from the Department 
site: http://www.unb.br/ih/eco. 

Working papers published since August 2002: 
 

231 Posse de escravos e estrutura da riqueza no agreste e sertão de Pernambuco: 1777-1887. 
Flávio Rabelo Versiani and José Raimundo O. Vergolino, 30 August 2002, 29p. 

232 On the natural rates of unemployment and interest: the Robertson connection. Mauro 
Boianovsky and John R. Presley, 30 August 2002, 34p. 

233 Contas Nacionais e o meio ambiente: reflexões em torno de uma abordagem para o 
Brasil. Charles C. Mueller, 30 August 2002, 25p.  

234 Economics of air pollution: hedonic price model and smell consequences of sewage 
treatment plants in urban areas. Sérgio A. Batalhone, Jorge M. Nogueira and Bernardo 
P. M. Mueller, 30 August 2002, 25p. 

235 The Brazilian depression of the 80s and 90s. Mirta Bugarin, Roberto de G. Ellery Jr., 
Victor Gomes and Arilton Teixeira, 30 August 2002, 30p. 

236 Informal employment in Brazil − A choice at the top and segmentation at the bottom: a 
quantile regression approach. Maria Tannuri-Pianto and Donald M. Pianto, 30 August 
2002, 23p. 

237 False contagion and false convergence clubs in stochastic growth theory. Stephen de 
Castro and Flávio Gonçalves, 30 August 2002, 20p. 

238 Spot and contract markets in the Brazilian wholesale energy market. Paulo C. Coutinho 
and André Rossi de Oliveira, 30 August 2002, 19p. 

239 Tributação da renda e do consumo no Brasil: uma abordagem macroeconômica. Valter 
Borges de Araújo Neto e Maria da C. S. de Sousa, 30 August 2002, 31p. 

240 Vote splitting, reelection and electoral control: towards a unified model. Maurício S. 
Bugarin. 30 August 2002, 26p. 

241 Shadow-prices in payment systems. Rodrigo Peñaloza, 6 September 2002, 31p. 

242 Welfare implications of the Brazilian social security system. Roberto de G. Ellery Jr. 
and Mirta N. S. Bugarin, 13 September 2002, 28p. 

243 Os agentes econômicos em processo de integração regional − Inferências para avaliar os 
efeitos da ALCA. Renato Baumann and Francisco Galrão Carneiro, 13 September 2002, 
29p. 

244 Leading by example: a simple evolutionary approach. André Rossi de Oliveira and João 
R. O. de Faria, 20 September 2002, 25p. 

245 The role of institutions in sustainable development. Bernardo Mueller and Charles 
Mueller, 20 September 2002, 25p. 

246 Incentivos em consórcios intermunicipais de saúde: uma abordagem de teoria dos 
contratos. Luciana Teixeira, Maria Cristina MacDowell and Mauricio Bugarin, 27 
September 2002, 19p. 

247 Liquidity constraints and the behavior of aggregate consumption over the Brazilian 
business cycle. Mirta Bugarin and Roberto de G. Ellery Jr, 27 September 2002, 19p. 

 
 



Forthcoming working papers: 
(Subject to change) 

 
248 Pricing water and sewage services in urban areas: Evidences of low level equilibrium in 

a developing economy. Ricardo Coelho de Faria, Jorge M. Nogueira and Bernardo 
Mueller, 4 October 2002. 

249 Wrong incentives for growth in the transition from modern slavery to labor markets: 
Babilon before, Babilon after. Stephen de Castro, 4 October 2002, 23p. 

250 Vintage capital, distortions and development. Samuel Pessoa and Rafael Rob, 11 
October 2002, 40p. 

251 Consórcios intermunicipais de saúde: uma análise à luz da teoria dos jogos. Luciana 
Teixeira, Maria Cristina MacDowell and Mauricio Bugarin, 11 October 2002, 30p. 

252 Preços de escravos em Pernambuco no século XIX. Flávio R. Versiani and José 
Raimundo O. Vergolino, 18 October 2002, 20p. 

253 A model of capital accumulation and rent seeking. Paulo Barelli and Samuel de Abreu 
Pessoa, 18 October 2002, 40p. 

254 Anchors away: the cost and benefits of Brazil’s devaluation. Edmund Amann and 
Werner Baer, 25 October 2002, 19p. 

255 Um seguro agrícola “eficiente”. Aércio S. Cunha, 25 October 2002, 65p. 

256 Campaign contributions with swing voters. Manfred Dix and Rudy Santore, 1 
November 2002, 18p. 

257 Incentivos para os administradores de empresas estatais: O papel dos dividendos 
mínimos obrigatórios e o desenho ótimo de salários. André Luís G. Carcia and Maurício 
Bugarin, 1 November 2002, 35p. 

258 Impostos e a História. Aércio S. Cunha, 8 November 2002, 12p. 

259 A note on Armstrong’s optimality of exclusion property. Mauricio Bugarin, 8 
November 2002, 20p.  

260 Determinantes do endividamento dos estados brasileiros: Uma análise de dados de 
painel. Isabela Fonte Boa Rosa Silva e Maria da Conceição Sampaio de Sousa, 15 
November 2002, 27p. 

261 Technology adoption: On the nonequivalence of tariffs and quotas. Arilton Teixeira, 15 
November 2002, 22p. 

 


