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Method
Panel EGLS (cross-section weights). Linear estimation after one-step weighting 

matrix. White cross-section standard errors & covariance (d.f. corrected).

Weighted Statistics

R2 0,163952 0,169393 0,158093 0,169274 0,168097 0,172352

Adjusted – R2 0,056686 0,062825 0,046477 0,062690 0,061363 0,066164

F — Statistic
1,528456
[0,035894]

1,589524
[0,024419]

1,416395
[0,067923]

1,588175
[0,024631]

1,574909
[0,026811]

1,623075
[0,019648]

Unweighted Statistics

R2 0,101540 0,106688 0,113629 0,083488 0,084023 0,100710

Note: Standard deviations in parentheses, and probability values between brackets.

Figure 8: Relationship between investment per worker  
and fixed effects coefficient of econometric6 model (baseline model)

6 In the graph above, we compare the percentage change in the period of 1996-2007 of the real value of 
the investment, calculated from the System of National Accounts IBGE, with the estimated coefficients 
for each cross-section unit of the econometric model (M1) — benchmark. In this sense, considering that 
the higher the coefficient (constant) model, higher is the investment per worker, it is suggested that the 
estimates calculated for each sector are consistent with empirical evidence. Particularly, the greatest 
divergence occurs with the extractive industry. When we compare the estimated value with the actual real 
value reported, we found greater investment per worker than the result expected by the model. However, 
when considering that the extractive industry sector are companies such as Vale do Rio Doce and Petrobras, 
is justified by higher variation in investment per worker than predicted by the econometric model.
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Figure 9: Relationship between investment per worker and fixed effects  

coefficient of econometric model (average of models) 7

2. Empirical analysis

From the econometric models (1) to (6) shown in Table 4, it is evident that the 
level of the exchange rate affects investment per worker, so that the exchange rate 
depreciation has positive effects on industrial investment decisions. In this sense, 
the result obtained corroborates the thesis of structuralist development macroeco-
nomics that more depreciated exchange rate levels stimulate investment decisions 
by industrial sector.

The exchange rate volatility, by involving important elements related to uncer-
tainty about the future behavior of the exchange rate, was highly significant in all 
estimated models. In addition, the exchange rate volatility appears to affect invest-
ment decisions in a higher intensity than related to the level of the exchange rate. 
Apparently, the stability of the exchange rate by reducing the levels of volatility and 
uncertainty has beneficial effects on investment decisions, which provides support 
to a regime of exchange rate administration.

The cost of capital, measured by TJLP, was highly significant, corroborating the 
need for industrial policies for the long-term investment and pointing to the need 
to reduce the value of the real interest rate in Brazil as a way to stimulate invest 
decisions and long-run economic growth.

Investment opportunities, estimated from Tobin’s Q, were highly significant in 
all analyzes. This result brings an important component of the Keynesian theory of 
investment and signals the importance of using, in the future, this indicator for 

7 For the analysis, the averages were calculated from estimated coefficients in econometric models M2 
to M6, for each sector, and compared with the values of actual observed variation of investment per 
worker. Again, there is significant correlation between the estimated coefficients for each cross-section 
unit of the model with the actual data observed.
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predicting the behavior of investment, since it is a leading indicator, prior lagged 
to investment decision itself.

The industrial mark-up was an important industrial component of investment 
decisions and highly significant in all tests developed.

To test the robustness of the model through the replacement of the mark-up by 
the unit cost of labor and later by relative productivity, high stability of the esti-
mated coefficients for the other explanatory variables, corroborating the impor-
tance of the result found in relation to the Exchange and its volatility.

Using the classification of technological intensity of the OECD, it was not pos-
sible to check, a priori, any distinction in relation to the investment behavior of 
sectors with greater technological intensity in comparison with the sectors of low 
technological intensity. The estimated data show that all sectors are sensitive to the 
level of real exchange rate, as well as the volatility of the exchange rate and the 
interest rate. However, the estimated coefficients for each cross-section unit (Sectors 
of the CNAE-IBGE) showed no differentiated behavior in virtue of technological 
intensity of the sector. I.e., the estimated data of the coefficients, which measure the 
individual characteristic of the sector in the analysis in panel, showed no distinct 
behavior in relation to the macroeconomic variables with regard to the techno-
logical intensity. This result is particularly important, because it does not confirm 
the thesis that the sectors of high technological intensity are less sensitive to the 
effects of the exchange rate, at least in the sample in question. For example, the 
sector 9 (Manufacture of electronic material and equipment), classified in high 
technological intensity, is more sensitive to exchange rate effects than low techno-
logical intensity, such as sector 29 (Other food products and beverages) or even the 
sector 12 (Sawmills and manufacture of woods products and furniture).

However, notably the industrial sectors linked to the extraction of commodities 
(Cme) showed strong dynamism related to investment, since in this sector include 
two of the largest Brazilian companies, namely: Petrobras and Vale do Rio Doce.

THE MANAGEMENT OF REAL EXCHANGE RATE 

Neo-liberal economists argue that management of real exchange rate is impos-
sible because the only thing that the monetary authority can do is determine the 
nominal exchange rate, not the real rate. This is because the variations of the 
nominal exchange rate generate exactly proportional variations in domestic price 
level in the long-term, thus leaving the real exchange rate outside the scope of action 
of the monetary authority. Moreover, it is also argued that the administration of 
the nominal exchange rate would only be possible in a context of financial openness 
to the outside, if the Central Bank failed to conduct monetary policy in order to 
meet domestic objectives (e.g., control inflation and/or stabilization of the level of 
output and employment). As democratic societies seem to demand the adoption of 
counter-cyclical policies by their respective Governments, in order to mitigate the 
effects of business cycles on the level of employment and welfare; it follows that 
the fixed exchange rate regime or managed regime is politically impracticable, and 
it should be, therefore, adopt floating exchange regime.
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It is not true that the Central Bank can’t manage the real exchange rate with the 
instruments it has at its disposal, so it also is not true that the adoption of a system 
of fixed or managed exchange rates requires abandoning autonomous monetary 
policy, i.e., a policy geared to meet domestic objectives. In an economy in which the 
goods produced domestically are imperfect substitutes of goods produced abroad 
and where domestic assets are equally imperfect substitutes of assets denominated 
in foreign currency; not only the real exchange rate is a variable that, under certain 
conditions, can be administered by the Monetary Authority, as even this administra-
tion is done without loss of autonomy in the conduct of monetary policy.

To demonstrate the validity of this assertion let us consider a small open econ-
omy that operates with a fixed exchange rate regime or with a managed regime8. 
Let S to be the nominal exchange rate, settled by the monetary authority, Ap(.) Is 
the absorption of domestic private sector, Y is domestic income, ø(.) the fraction 
of domestic absorption that is intended for the purchase of domestic goods G is 
the expense of government in real terms, X(.) is the quantity of domestic goods 
demanded by non-residents, r is the real rate of interest, T is a proxy of tax collec-
tions by the Government, Y* is the international income and P * is the interna-
tional price level. The condition of equilibrium in the market goods is given by:

Y
SP
P

A Y T r G X
SP
P

Yp= −[ ] + +φ *
,

*
; *

 

(1)

We will assume that: (i) the economy operates at full-capacity, i.e., with a 
level of output equal to potential output, Yp; (ii) behavioral functions presented 
in (1) are homogeneous of degree one with respect to the capital stock, so that 
variations in the stock of aggregate capital does not alter the values   of the endog-
enous variables.

That said, the equilibrium condition in the goods market is given by:

Y
SP
P

A Y T r G X
SP
P

Yp p p= − + +φ *
,

*
; *

θθ = SP
P

*

 

(2)

In equation (2) the endogenous variables are: G, T, S, Y* e P*. By setting the 
real exchange rate as 

Y
SP
P

A Y T r G X
SP
P

Yp p p= − + +φ *
,

*
; *

θθ = SP
P

* , equation (2) will define the locus of combinations 
between real interest rate and real exchange rate for which the goods market is 
in equilibrium. Making the usual assumptions about the values of the partial 
derivatives with respect to behavioral functions r and q, we obtain the curve GG 
presented in Figure 10: 

8 The present model is based on Montiel (2011).
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Figure 10: Lócus GG
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Domestic residents may allocate their financial wealth, Wp, between money (M), 
domestic government securities (B), and foreign government bonds (B*). We sup-
pose that domestic and foreign bonds are imperfect substitutes9 for each other so 
that, in equilibrium, their rates of return may be different. No-residents can also 
buy domestic bonds, such that the economy has a financially open account. The 
monetary authority may or may not impose restrictions on the purchase of domes-
tic securities by foreigners or the purchase of foreign securities by domestic resi-
dents. If these controls are imposed, the demand for domestic bonds by non-resi-
dents will be a fraction l demand with absence of such restrictions10.

Let R to be the nominal domestic interest rate, R* the nominal international 
interest rate, b(.) the fraction of non-monetary wealth that domestic residents al-
locate for the purchase of domestic bonds, b*(.) the fraction of wealth measured in 
foreign currency that non-residents allocate for buying international bonds, L(.) the 
actual demand for domestic money balances, L*(.) the real money demand for non-
residents e WF the financial wealth of non-residents measured in the currency of 
their own country. We have then that the demand for residents and non-residents 
for domestic bonds is given by:

B R R W PL R Y W Pd
p p F= −( ) − ( ) + ( ) −b Sb* R – R** , *λ LL R Y* , *( )

    
(3)

Assuming that the stock of domestic bonds is given by B and the central bank 
retains Bc of these securities in portfolio, the equilibrium in the domestic bond 
market is given by:

B B R R W PL R Y Wc p p F− = −( ) − ( ) + ( ) −b Sb* R – R** , λ PP L R Y* * , *( )
    

(4)

The aggregate financial wealth of the country is given by the sum between the 

9 This means that the domestic and foreign bonds have different risk characteristics
10 The variable l can be seen as a proxy of the intensity of capital controls on the economy. If l = 1 then 
the capital controls are non-existent, if l = 0 then the economy is closed to the outside in terms of capital 
flows.
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wealth of the private sector, Wp, the wealth of the government, WG , and the wealth 
of the Central Bank, WC. In this way, we have that:

W W W M B SF B SF B M S F Fp G c p p c c c p+ + = + +( ) − + + −( ) = +* * * *(( ) − BF

    
(5)

Where: Bp represents the domestic bonds owned by the private sector, W W W M B SF B SF B M S F Fp G c p p c c c p+ + = + +( ) − + + −( ) = +* * * *(( ) − BF repre-
sents the value in foreign currency of international bonds owned by the Central 
Bank (international reserves), W W W M B SF B SF B M S F Fp G c p p c c c p+ + = + +( ) − + + −( ) = +* * * *(( ) − BF is the foreign currency value of international se-
curities owned by private domestic sector, M is the monetary base and BF represents 
value in terms of domestic currency owned by non-residents.

From equation (5) we can see that the aggregate wealth is equal to financial claims 
against the rest of the world, except the financial rights of the rest of the world against 
domestic economy. We will call this resulting as net foreign assets, IIP. This value 
refers to the net investment position of the domestic economy measured in terms of 
their own currency. The net foreign assets measured in foreign currency is: IIP

IIP
S

* = . 

Assuming thatWc = 0 and taking into account thatWG = – B, we have that S IIP* 
= Wp – B, i.e.:

Wp = SIIP* + B (6)

A similar relation applies to the rest of the world, so that:

W IIP FF
* * *= − +

 
W IIP FF

* * *= − +      (7)

Suppose that p is the expected inflation rate and S
^
 is the expected rate of depre-

ciation of the nominal exchange rate. Consider, also, that the expected rate of infla-
tion in the rest of the world, p* is equal to zero. Then, in equilibrium, the domestic 
bond market can be presented by:

B B b r S r b r S r SIIP bc− = + − −( ) − + − −( ) +π λ πˆ * * ˆ * * rr S r B PL r Y S b r S rp+ − −( ) − +( ) + + − −(π π λ πˆ * ; * ˆ *)) −( )F P L* * *
 

B B b r S r b r S r SIIP bc− = + − −( ) − + − −( ) +π λ πˆ * * ˆ * * rr S r B PL r Y S b r S rp+ − −( ) − +( ) + + − −(π π λ πˆ * ; * ˆ *)) −( )F P L* * *
      

(8)

Assuming that S
^
 = p, i.e., that the public expects that Central Bank devalues the 

nominal exchange rate by the same rate of (expected) of inflation in order to main-
tain the real exchange rate stable over time, and without loss of generality, suppose 
P* = 1, we have, after dividing the expression (8) for S, that:

B B
S

b r r b r r IIP b r r
B
S

L
c− = −( ) − −( ) + −( ) −* * * * *λ

rr Y
b r r F P L

p+( )
+ −( ) −( )

π
θ

λ
;

* * * * *
 
     (9)

The equation (9) shows the locus of combinations between real interest rate and 
real exchange rate for which the bond market is in equilibrium. This locus, as 
shown in Figure 11, have a negative slope. That’s because a depreciation of the real 
exchange rate, kept constant the nominal exchange rate, can only be obtained by 
a fall of the domestic price level. However, in this case, money demand is reduced, 
thereby increasing non-monetary wealth available to be allocated between domes-
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tic and foreign bonds. For a given level of real interest rate, there will be an in-
creased demand for bonds, thus producing an excess of demand in bond market. 
The only way to restore the balance is through a reduction in the real rate of inter-
est, so as to induce a substitution of domestic securities by foreign securities and 
currencies in the portfolio of domestic residents.

Figure 11
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The determination of the real interest rate and the domestic real exchange rate 
will be at the intersection between the locus GG and FF as seen in Figure 12. We 
will assume that due to the existence of Dutch disease and also because the pur-
chases of domestic bonds by non-residents, the real exchange rate is appreciated 
with respect to the level of industrial equilibrium.

Figure 12
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What are the options that the Monetary Authority and the Treasury have at their 
disposal to produce a depreciation of the real exchange rate in order to achieve the 
industrial equilibrium? A first option is to increase the level of capital controls, which 
implies a reduction of the value of l in equation (9). In this case, there will be a re-
duction in demand of non-residents by domestic bonds11. Given the amount of bonds 
issued by the Treasury and the amount of the same type of bonds in the Central Bank’s 
portfolio, this will result in an oversupply in bond market. To restore equilibrium in 
the bond market is necessary an increase in domestic interest rates, which will shift 
the FF curve up and to the right as seen in Figure 13. Everything else constant, there 
will be an increase in the real rate of interest and a depreciation of the domestic real 

11 A similar effect is obtained in case of an increase in international interest rates.
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exchange rate. If the reduction in the demand of domestic bonds by non-residents 
due to the increase of capital controls is strong enough, then the actual rate of ex-
change may adjust to the level compatible with the industrial equilibrium.

Figure 13
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This policy, however, has the side effect of an increase in real domestic interest 
rate, which discourages investment in fixed capital. Therefore, it is necessary to 
combine the introduction and/or increase of capital controls with a policy of fiscal 
contraction, which will allow a reduction in the real rate of interest without preju-
dice to the attainment of the goal of real exchange rate.

As seen in Figure 14 the combination between capital controls and fiscal contrac-
tion allows that the real exchange rate to be devalued until reaching the level given 
by industrial equilibrium without any negative impact on the real rate of interest.

Figura 14
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An important observation regarding Figure 14 is that it shows us that the com-
bination between capital controls and fiscal adjustment may be politically more 
palatable to society in order to control the real exchange rate than only the fiscal 
adjustment. In fact, if the only instrument available to the policy makers is the fis-
cal policy, the fiscal adjustment required to produce a devaluation of the real ex-
change rate to the level industrial equilibrium will be much greater than the re-
quired in the case that the fiscal adjustment is combined with an increase of capital 
controls intensity. Indeed, keeping unaltered the level of capital controls, the GG 
curve needs to move up to GG2 to which the real exchange rate reaches the indus-
trial equilibrium, while combining the fiscal contraction with an increase of capital 
controls intensity the GG curve only needs to move up to GG1.
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In the exercise performed above the nominal exchange rate was assumed con-
stant during the entire experiment. This means that real exchange rate depreciation 
was achieved through a reduction in the domestic price level or, in the case of a 
model in which prices grow at a sustained rate over time, through a disinflation.

Finally, it should be noted that the management of the real exchange rate do not 
led the Central Bank to lose control of the monetary policy instrument, which, in 
the model considered here, is the amount of domestic credit Bc. It follows that the 
control of the exchange rate does not preclude the conduct of monetary policy in 
order to obtaining domestic goals.

CONCLUSION: A PROPOSAL FOR A MACROECONOMIC  
FRAMEWORK FOR BRAZILIAN CATCHING-UP

The empirical evidence presented in the previous sections have pointed to the 
fact that both the level and volatility of the real exchange rate in Brazil adversely 
affects the industrial investment decisions, which prevents, therefore, a more robust 
expansion of productive capacity and labor productivity without which it is impos-
sible to accelerate sustained growth of the Brazilian economy. In addition, pre-
liminary calculations on the level of the real exchange rate that would recover the 
level of competitiveness of Brazilian industry show that the real effective exchange 
rate is overvalued, probably around 48%. This is a significant overvaluation.

As we have seen in the previous section, the correction of an overvalued exchange 
rate can be performed through the combination of an increase in the level of capital 
controls with a fiscal adjustment. As the international scenario in the next years must 
be characterized by a gradual adjustment in monetary liquidity conditions in devel-
oped countries, thus imposing an increase in international interest rates, which has 
similar effects to an increase in the level of capital controls, it follows that tightening 
controls on the entry of foreign capitals can be discarded. Thus, the implementation 
of a fiscal contraction will be essential for obtaining a more competitive exchange rate.

This fiscal adjustment should be performed in the context of a reform of the 
fiscal regime in Brazil. Currently the fiscal regime is characterized by achieving a 
primary surplus target, which has been sufficient to stabilize the public debt/GDP 
ratio, but has not allowed a substantial increase in public savings, thus contributing 
to maintain low governments investments. In this way, we suggest the implementa-
tion of a tax regime based on the goal of government current account surplus (see 
Oreiro, 2014). The implementation of this regime, necessarily requires the control 
of pace of growth of government expenses in consumption, thus enabling the fiscal 
adjustment required to obtain a more competitive exchange rate without deleteri-
ous effects on the level of the real interest rate.

It is clear that the adjustment of the exchange rate may not be done once-for-all, 
at one shot, under the risk of being politically unfeasible, given the notorious effects 
that the nominal exchange rate depreciation has on inflation and, therefore, on the 
real wage. In this way, a gradual adjustment of the exchange rate towards the in-
dustrial equilibrium is necessary. To avoid speculative movements in the foreign 
exchange market, which can lead to an over-shooting of exchange rate, we suggest 
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the adoption of a crawling-peg regime in which the Central Bank fixed the ex-
change rate depreciation of the nominal exchange rate. This system should be 
combined with temporary capital outflow controls to facilitate the pace of nominal 
exchange rate devaluation by the Central Bank.
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Figure 7: Daily Volatility of the nominal exchange rate

Table 2: Analisys of Volatility of the Nominal Exchange Rate (daily)

Table 3: Analisys of Volatility of Real Effective Nominal Exchange Rate (montlhly)


